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In the Focus 


OSCAR 10 is in orbit! 


We are sure that all VHF/UHF amateurs 
would like to congratulate AMSAT — namely 
Dr. Meinzer, DJ 4 ZC, and his team — on the 
successful launch of their latest radio amateur 
communications satellite! 


According to Rolf, DK 2 ZF, the present status 
is that OSCAR 10 has reached an apogee of 
approx. 35,000 km and a perigee of roughly 
3,900 km after the first firing of the kick motor. 
The perigee is to be lowered to around 
2,000 km in a second attempt at the end of 
July, to be followed by switching the two 
transponders to the operational mode in mid 
August. 


The transponders have already been tested 
by the staff of AMSAT-DL, prooving that RHC 
polarisation is essential for both, receive and 
transmit antennas. 


It seems that a new and wide door has been 
opened to VHF/UHF DXing — so hear u later 
on OSCAR 10! 
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Martin Dohlus 


A Home-Made Automatic Noise-Figure 
Measuring System 
Final, Second Part 


The first part of this article in VHF COMMUNI- ~— describe the other modules of the noise- 
CATIONS 1/1983 described the measuring figure measuring system, as well as des- 
principle, the noise-generator, and the first —_cribing the overall circuit and final alignment. 
few modules. This part of the article is to 


Pt19 *15V 


133.4 MHz 
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Fig. 14: Component locations on board RMG 04. A small chamber for the 133.4 MHz filter is to be seen in the 


center. 


6.1. 
Oscillator Module 


The circuit diagram of the two oscillators that 
were already mentioned in Part 1, are given in 
Figure 13. PC-board RMG 04 was developed to 
ease construction. The dimensions are 135 mmx 
50 mm, and the board is therefore suitable for fit- 
ting in a standard metal case. The PC-board 


should be completed according to the compo- 
nent location plan given in Figure 14 and pro- 
vided with screening panels. 


6.1.1. Component Details, RMG 04 

T 401, T402, 7405; P8002 (TI) 

T 403: BF 256B (TI) 

T 404: BF 246A (Tl) 

D401 - D403: HP 2800 or similar Schottky 
diode 


4 5 6789 1H 2 3 4 5 6 78902 


Fig. 16: 
Frequency response 


nD WD QD B&H BW WntHz 


of the AF-lowpass 
filter . 
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Fig. 15: Circuit diagram of the control module RMG 02 
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1401: REF-01 low-noise 10 V 
stabilizer 
L401: 7 turns of 0.3 mm dia. ena- 


melied copper wire, wound 
in a single layer in coil 
former D 41-2165; 

do not use screening can! 

2 turns, otherwise as L401 

5 turns of 0.8 mm dia. silver- 
plated copper wire, wound 
on a 7 mm former, self- 
supporting, mounted verti- 
Cally to the board 

A5mm coil former with 
VHF-core is provided in the 
coil 

24 turns of O03 mm dia 
enamelled copper wire with 
coil tap 6 turns from the 
cold end, using coil set 
D41-2165 

Double-hole ferrite core 
(Siemens B62152-A8-X17) 
wound with 0.12 mm dia 
enamelled copper wire: 

4 turns at first, then 2x 4 
turns wound in a bifilar 
manner on top. 

7 miniature chokes, spacing 10 mm 

2 plastic foil trimmers 13 pF (Philips: yellow) 

15 ceramic disk capacitors between 2.2 pF and 
4.7 nF, spacing 25mm 

7 ceramic flat capacitors between 10 nF and 
100 nF, spacing 5mm 

2 ceramic feedthrough capacitors 

2.2 nF (value not critical), for solder mounting 

1 tantalum electrolytic, 10 uF/25 V 

13 composite carbon resistors, spacing 10 mm 
1 crystal 66.700 MHz in HC-43/U holder 

1 crystal 10.720 MHz in HC-43/U holder 

1 metal case 135 x 50 x 30 mm 

The PC-board is designed so that the two oscilla- 
tors can be built up and operated separately. 


L402: 
L403: 


L404 


Tr 401 


Fig. 17: 
GauBian distri- 
bution of the 


momentary 
voltage of noise 


te 
CONTROL MODULE 


71. Circuit Description 


The control module whose circuit diagram is 
given in Figure 15 has been designated 
RMG 02 

It represents the heart of the system 


The noise voltage Uy from module RMGO3 
possesses an upper limit frequency of 35 kHz in 
the described concept. The main selectivity is 
provided by the 10.7 MHz crystal filter. If one 
wishes to measure at 10.7 MHz (additional mea- 
suring input), and must do without the converter 
and crystal filter for this reason, it will be neces- 
sary for the main selectivity to be made in the AF- 
range. However, this will only be possible when 
no Carriers are in the vicinity of the intermediate 
frequency, and when the IF-selectivity previous 
to the RMG03-module is sufficiently good. In this 
case, one will obtain two different noise spectra 
converted into the AF-range. The RF-bandwidth 
is then twice as large as the AF-bandwidth. For 
this reason, the AF-bandwidth is limited in a 
defined manner using a lowpass comprising 
transistors T 201 and T 202. This is a fourth-order 
filter which is designed for an upper limit fre- 
quency of 50 kHz. Figure 16 gives the calculated 
and measured characteristics. 


The distribution density of the momentary 
voltage of thermal noise corresponds to a 
Gaussian or normal distribution curve, as can be 
seen in Figure 17. Since this will disappear in the 
case of no voltage, this will mean that many high 
momentary voltages can appear, which must be 
processed by the measuring chain. Of course, 
real amplifiers, converters, etc. have only finite 
large-signal capabilities and will falsify the 
characteristic noise parameters. Since the effect 
of limiting is of extreme importance during noise- 
power measurements, an error curve has been 
given in Figure 18. 


The rectifier must operate linearly in the whole 
frequency range (fmax = 50 kHz) and in a wide 
voltage range, in order to ensure that the correct 
noise figure can be determined. 


As non-linear element, it is especially critical in 
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Fig. 18: 
The diagram shows the effect of 


log (E-) 
‘ limiting when measuring noise power 


Peak power 
(threshold limiting) 


Mean noise power (unlimited) 


Mean noise power (limited) 


the case of voltage peaks. A circuit has been rea- 
lized with 1201, 1202, 1203, and the impedance 
converter T 203, and T 204 which corresponds to 
that given in (1). The fast operational amplifier 
LF357 with its FET-inputs provides useful 
characteristics here. Amplifier 1203 has been 
provided with low-pass characteristics in order to 
smooth the voltage peaks before further pro- 
cessing. For this reason, it is possible to use the 
slower, but more stable type LF 356 here and in 
the rest of the circuit. 


The clock generator 1208 provides the C-MOS 
decimal divider |209 with a 100 Hz clock pulse. 
The control signals for the C-MOS switches are 
generated via a diode network in 1210. A measu- 
ring cycle has a duration of approximately 
100 ms. According to Part 1, Figure 3, the 
measuring process is made as follows: 


The C-MOS switch S, opens during t;, and the 
noise source will output a passive P,. Approxi- 
mately 10 ms afterwards, switches S, and S; will 
also close. The control is now active: In other 


70 


Ee 


words it generates a voltage, which drives the 
amplifier (inverted in 1205) so that U,mis equal to 
1 V. A difficulty exists here due to the statistic 
variations of the noise voltage, which means that 
the nominal value will never be exactly main- 
tained. This will be seen as fluctuations of the 
reading. For this reason, an optimum must be 
found in the design of the control Circuit: It should 
be fast in order to be able to compensate for gain 
variations, e.g. during alignment processes, and 
should be slow in order to average the noise. This 
is not difficult at constant, low-signal parameters 
of the control circuit. A simple calculation shows 
that the relationship between gain and control 
voltage must be expotential in order to obtain a 
low-signal behaviour independent of the opera- 
ting point. In the case of module RMG 03, the 
relationship is different — see Part 1, Figure 12. 
Due to another nonlinearity (R208, R209, and 
D201 between control and amplifier-control 
voltage input), it is possible for the overall 
characteristic to be at least approximately 
brought into the required form. 
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Fig. 19: Component location plan on the control board RMG 02 
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If the required gain cannot be obtained, the con- 
trol voltage is limited by D202. The remaining 
deviation is registered in | 207, and the error of the 
measuring result is indicated on the front panel 
using an LED. If the input level is too great, Uou 
will be in the order of —15 V, and will be approxi- 
mately +15 V if the level is too low. 


After period tz, switch S, will close, which in turn 
opens S,; and S3: The noise generator is now 
active, and the control voltage remains constant. 
After a further 10 ms, So will close: | 6 will operate 
as “mean value generator’. Similar considera- 
tions as were made in the case of the control 
circuit are also valid for determining the time 
constant of the mean-value generator. After com- 
pleting the measuring cycle, all switches are 
reopened. | 207 will now operate as ascanning - 
hold link; Usy remains stored until the next 
mean-value is formed (t4). 


7.2. 
Construction 


The double-coated PC-board RMG 02 has been 
designed for accommodating this circuit. The 
dimensions are that of a Euro-board and it can be 
provided with a 31-pin connector. The module 
should be completed according to the compo- 
nent location plan given in Figure 19. It is only 
capacitor C201 that is only mounted during the 
alignment process. 


7.2.1. Component Details for RMG 02 

T201 - T203: BC 413 or other silicon NPN AF- 
transistor 

T 204: BC 415 or other silicon PNP AF- 
transistor 

D201: 2.7 V zener diode 

D202: 11 V zener diode 

19 diodes: 1 N 4151 or other silicon 
switching diodes 
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11,12: LF 357 N very fast operational 
amp. with FET inputs (Siemens 
etc.) 

13,14,16,17: LF 356 N fast operational amp. 
with FET inputs (Siemens etc.) 

15,18: 741, TBA221 B operational amp. 
(Siemens, Fairchild, NS) 

19: 4017 decade counter/divider 
(C-MOS) 

110: 4066 quadruple switch (C-MOS) 

C201: 22 uF/25 V tantalum electrolytic 
(drop-type) 

C202: 3.3 uF/25 V or 63 V plastic foil 
capacitor (spacing 25 mm) 

C203: 10 uF/25 V or 63 V plastic foil 
capacitor (spacing 40 mm) 

C204: 1 wF/25 V or 63 V plastic foil 


capacitor (spacing 25 mm) 
4 pes. ceramic capacitors between 100 pF and 
4.7 nF; spacing 2.5mm 
15 pcs, ceramic flat capacitors 47 nF and 100 nF; 
spacing 5mm 
5 pes. tantalum electrolytics (spacing 2.5 mm) 
3 pcs. aluminium electrolytics, round; spacing 
5mm 
6 pcs. trimmer potentiometers, horizontal moun- 
ting, spacing 10/5 mm 
40 pcs. composite carbon resistors, spacing 
10 mm 
1 31-pin connector (DIN 41617 Siemens etc.) 


Figure 20 shows the author's prototype which 
did not use a PC-board with through-contacts. 


7.3. 
Connection and Alignment 


On connecting the operating voltage, the circuit 
takes approximately 53 mA of the positive 
voltage, and 56 mA of the negative voltage. The 
100 Hz squarewave signal at | 208/6, and the con- 
trol voltages for the C-MOS switches can be 
checked with the aid of an oscilloscope. If every- 
thing is operating correctly, the signals given in 
Figure 21 should be present at | 210. 
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Fig. 20: The 3 large plastic foil capacitors will be seen on PC-board RMG 02 
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Fig. 21: 
Control voltages for the C-MOS switches on RMG 02 


Firstly align the offset and then the balance at the 
rectifier. This is made by grounding TP 200, and 
aligning the operational amplifiers 1202 (test 
point TP 201) and | 203 (test point TP 202) to zero 
with the aid of R202 and R203. After this, con- 
nect a floating voltage source of approx. 0.7 V 
(battery and voltage divider) between TP 200 and 
ground. A voltage of approximately 10 V should 
be present at TP202. While continuously 
changing the polarity of the voltage at TP 200, 
R201 should be adjusted so that the output 
voltage remains independent of the sign of the 
input voltage. 


The offset of 1206 is compensated with the aid of 
R205 with C 203 bridged 


The frequency response of the 50kHz filter can 
be checked after soldering C 201 into position by 
connecting an AF-generator to Uy and a volt- 
meter to TP 202. 


Potentiometers R204 and R206 are not aligned 
until carrying out the final alignment process. 


8. 
READOUT ELECTRONIC AND 
REFERENCE VOLTAGE CIRCUIT RMG 01 


The relationship between Figg, ENRiog, and Us 
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Fig. 22: 
This characteristic of the readout-electronics allows 


Fiog to be indicated on a linear meter scale 


according to equation 5 (Part 1) is given in 
Figure 22. 


This characteristic must be taken into considera- 
tion if Usy is to be processed in an electronic 
circuit in such a way that Figg is to be indicated in 
a linear manner. 


With the aid of a computer program it was 
possible to approximate the characteristic Figg — 
ENRiog in the range of —1 to —20 dB with the aid 


Fig. 23: 
Principle of the straight-line approximation; 
showing 1 straight line between two positions 


rr 
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(Figg ~ ENR.) /dB 
approx 


exact 


Table 1: 
Specifications of the bend points and voltage 
standardization of Figg — ENRiog 


of seven straight-lines, so that the maximum 
error was less than 0.06 dB. The principle of the 
Straight-line approximation is shown in Figure 
23. Table 1 provides the specifications of the 
individual points and the voltage standardization 
Of Figg — ENRigg (0 to —20 dB corresponds to 0 to 
-10 V). 


8.1. 
Circuit Description 


The poligon characteristic is realized by super- 
imposition of individual lines (see Figure 24). A 
partial circuit is given in Figure 25 that generates 
the individual bent functions. Since 0 V (virtually 
ground) is present at the minus-input of the first 
operational amplifier, the following is valid for |, 
Ig, and Ic: 


Uret Uom 
Ae Ry i 


U U 
lo=lh+ l= A" - A 


-— Um 


As long as Uoy < (Ry/Ro) x User, Io will be 
positive and D1 will conduct, whilst D2 will be 
blocked. Point P 1 is thus only connected via R, 
and Rg to the minus-inputs of the operational 
amplifiers. 


U2=0 

ls =0 

As soon as Usy exceeds the threshold value 
(R;/R2) x Ure, the sign of Ic will be inverted. The 
current will now flow via resistor Ry. 


The following is valid: 


R R 
U2 = -IcRa = A Uret ~ Re Vem 
R 
= R Uret — Urm 
Us 1 Ry 1 
l = Ra = R3 Ro Ure — Ra Uom 


UFiog *-R&L Tyo 


Fig. 25: 
Circuit for an individual 
bend function 
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Fig 26: Circuit diagram of the readout electronics and reference voltage generator RMG 01 
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The second operational amplifier sums lo. and 
|,, lg... which are generated in a similar manner 
and forms 


UF tog = —Ra (li + lo + Ig +...) 


Poligon characteristics can, of course, also be re- 
alized in a less complicated manner than when 
using the given circuit, but are far more compli- 
cated with respect to the calculation and align- 
ment. Figure 26 shows the circuit diagram of the 
readout electronics and reference voltage gene- 
rator. Table 2 shows the calculated resistance va- 
lues for the linearization 


R100 = 170782 R107 = 166410 


R101 = 23552 R108 = 2590702 
R102 = 55866 2 R109 = 241449 
R103 = 74560 R110 = 190480 
R104 = 448430 R111 = 345210 
R105 = 113802 R112 = 138502 
R106 = 34602 2 R113 = 4866002 


Table 2: Calculated values 


Since the offset error of the operational ampli- 
fiers 1101 to 1106 has virtually no effect, the 
accuracy that can be obtained with the calcu- 
lated circuit is virtually only dependent on the 
accuracy of the resistors. For this reason, each 
of the resistors given in Table 3 are formed by 
series connection of two fixed and one variable 


x 


resistor. This allows the value of the potentio- 
meter to be small, so that any possible misalign- 
ment due to shock etc. will have little effect. 


The effect of aging of the resistors was checked 
in the computer. If metal-film types (as are des- 
cribed here) are used for the 10 kQ resistors, the 
error will increase by approximately 0.04 dB. A 
more favorable result will be obtained when all 
resistors are metal-film types. In order to ensure 
the full measuring accuracy over a longer period 
of time, it is advisable for the alignment to be 
checked annually 


The operational amplifiers | 108 and 1109 gene- 
rate the reference voltages of + 10 V 


8.2. Construction 


The PC-board for the readout and reference cir- 
Cuits is single-coated. The dimensions are stan- 
dard Euro-board and a 31-pin connector can be 
used. Figure 27 shows the component locations 
of this board, which has been designated 
RMG 01. If resistors having closer standard 
values and a lower tolerance are available (e.g. 
1%), the PC-board can be equipped with these, 
so that potentiometers having a lower resistance 
value can be used. 


Resistor Trimmer Potentiometer | Resistor | CompositeCarbon | Resistor | Composite Carbon 
No Value No Value No Value 
TR if “wo !!C«d 
R100a 2k2 (2k5) R100b 15k R100c 1k0 
R10ta 220 (250) R101b 2k2 R101c 47R 
R102a 2k2 (2k5) R102b 33k R102c 22k 
R103a 470 (500) R103b 3k3 R103c 3k9 
R104a 4k7 (5k) R104b 39k R104c 3k3 
R105a 1k R105b 10k R105¢c 820R 
R106a 2k2 (2k5) R106b 33k R106c 470R 
R107a 2k2 (2k5) R107b 15k R107c 560R 
R108a 2k2 (2k5) R108b 22k R108c 2k7 
R109a 2k2 (2k5) R109b 22k R109c 1kO 
R110a 2k2 (2k5) R110b 18k R110c 0 
Riija 2k2 (2k5) R111b 33k Ritic 390R 
Rii2a 1k R112b 10k R112c 3k3 
R113a 4k7 (5k) R113b 39k R113c 6k8 
Table 3: The resistance values for the linearization of UF jog 
77 


Fig. 27: Three bridges are required on the readout reference board RMG 01 
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8.2.1. 
Special Components for RMG 01 


1101 — 1109: 741 or TBA 221 Bop. amp 

D101: 1N3155, temperature-compensated 

8.4 V zender diode 

12 diodes: 1N4151 or similar 

9 ceramic flat capacitors 100 nF, spacing 5 mm 
2 tantalum electrolytics: 22 uF/25 V 

18 trimmer potentiometers, horizontal moun- 
ting, spacing 10/5 mm 

Values: see circuit diagram and Table 

44 composite carbon resistors, 12 mm spacing 
Values: see circuit diagram and Table 3 

15 metal-film resistors, spacing 12 mm; 

10 kQ/1% 

31-pin connector (DIN 41617 Siemens, etc.) 


Figure 28 shows the photograph of the author's 
prototype. Resistors R...c are still mounted 
below the PC-board at that time 


8.3. 
Connection and Alignment 


The current drain of a correctly operating circuit 
is approximately 33 mA in the positive branch 
and approx. 22 mA in the negative. For the follo- 
wing alignment processes, Usy, is to be provided 
with a variable voltage of 0 — 10 V, for instance 
using a 1 kQ potentiometer between ground and 
+15 V. The alignments should now be made 
according to Table 4. They are not critical, but 
are important in order to obtain the full accuracy 
of the noise measuring system. For this reason, 
the alignment should be made carefully with the 
aid of a good digital voltmeter and in the given 
sequence. It is advisable to carry out a prelimi- 
nary alignment before carrying out the final 
alignment in order to assure whether all adjust- 
ments are possible. If this is not the case, this will 


PEELE TY MTNA T RHR 


Fig. 28: This photograph of the author's prototype is still not in its final configuration 
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Preset Instruction Testpoint Align Alignment 
voltage Usy for voltmeter condition 
+ — —_ _ ——— — 
Connect 26 
and 29 
Unconditioned | + Uso} R114 U,e+: = 10.00 V 
Unconditioned — User R115 —Urer = — 10.00 V 
0.00 V UF jog R 100 UF jog: = 5.86 V 
1.50 V UF tog R 101 Ur jog: = — 0.514 V 
1.79V TP 101 R 102 ‘ 
2.23 V TP 102 R 104 
2.23 V UF jog R 103 UF jog? = — 3.024 V 
2.89 V TP 103 R 106 s 
2.89 V UF tog R 105 UF jog? = — 4.362 V 
3.86 V TP 104 R 108 7 
3.86 V UF tog R 107 Ur log: = — 5.745 V 
5.25 V TP 105 R110 ‘ 
5.25 V UF tog R 109 | Usiog: = — 7.151 V 
7.22V TP 106 R112 . 
7,22 V UF jog R111 UF og? = — 8.573 V 
9.99 V UF og | R113 Ur tog: = — 10.004 V 
+ _ — 
Loose conn 
26-29 
connect 28 — 29 
Unconditioned UF iog R116 UF log? = -5.000V | 
—— + ———_ + _ —4 
Unconditioned Connect 1 mA UF jog R117 | IF tog: = — 1.00 mA** 
meter with —" 
to Ir jog and 
"+" to ground. 


** Align using the meter that is to be used in practise. 
Pay attention to correct position and zero adjustment 


Table 4: Values for the alignment of module RMG 01 


mean that a previous alignment is not correct,or rected. After carrying out the final alignment, all 
that the resistors in the voltage divider have too adjustments should be fixed with lacquer so that 
large a tolerance and must be exchanged or cor- no unwanted adjustment is possible. 
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9. 
OVERALL CIRCUIT 


9.2. 
Construction 


9.1. Circuit Description 


The interconnection of the individual modules is 
shown in Figure 29. Only a small number of ex- 
ternal components are required in addition to the 
described modules. Two LEDs will indicate that 
the measuring value cannot be used because 
the control is limiting. With the aid of a 5 kQ 
potentiometer, it is possible for the ENR- 
constant of the noise source to be inserted. The 
adjustment range is in the order of 10 to 20 dB. 
The ENR-value of the home-made source des- 
cribed in Part 1 should be within this range. The 
input can be checked using the 1 mA-meter 
which also indicates the noise figure. For this 
reason, it can be switched with the aid of 
switch S. If the switch is in position ENRiog, a 
range of 10-20 dB will be indicated in the 
spread scale, whereas noise figures between 
0 dB and 10 dB can be read off from the meter in 
the other position. 


RF RMG 03 
> DK 1 OF 


-Hz converter 
and amplifier 
with AGC 


Receive 
converter 


U 
oO 


RMG 04 


Oscillators 


Fig. 29: Overall circuit of the noise measuring system 


The receive converter and modules RMG 01, 
RMG 02, RMG 03, RMG 04 are accommodated 
together with a + 15 V power supply in a cabinet. 
A suitable power supply could use a transformer 
with two separate 15 V windings and two fixed- 
voltage stabilizers (TO 5). If a PC-board is to be 
used, this is possible using PC-board DK 1 
OF 028. 


After completing the final alignment, a further 
resistor is exchanged in module RMG 03. For 
this reason, it is advisable for this module to be 
mounted in an accessible position. Attention 
should be paid during the wiring that no ground 
loops are possible. Either a BNC or N-connector 
can be used for the measuring input. Output Uns 
for the noise source only has to carry AF- 
voltages. In order to ensure that it cannot be con- 
fused with the measuring input, it is advisable for 
a PL-connector to be used. The meter should 
have a full-scale deflection at 1 mA. Since the 


RMG 01 


RMG 02 Readout electr 


Control 5 7 and 
Ret, voltage circuit 


module 


AGC-range 
at its upper/lower 
limmit 
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precision of this meter is used twice in the mea- 
suring accuracy (firstly when adjusting the ENR- 
value and secondly on indicating the noise 
figure), it is advisable not to save with respect to 
this component. It is advisable to use a “class 1 - 
meter which is not too small 


The 5 kQ potentiometer allows the ENR-value 
alignment to be made easily if a 10-turn type is 
used 


9.3. 
Final Alignment 


Potentiometers R204 and R206 on PC-board 
RMG02 must still be aligned. This is carried out 
with the 10.720 MHz crystal oscillator switched 
off. This means that the control circuit is broken 
and the control will go into limiting. The LED indi- 
cating too low an input level should now light up 
Align resistor R206 so that voltage Ucontroi 
(negative voltage) is adjusted to the value 
Ucontrot G. which was determined in section 5.3 


A further precision alignment is now required 
The same voltmeter should be used as was used 
for alignment of module RMG 01. It should have 
an input impedance of more than 10 MQ, which 
is usual with DVMs. If required, an LF 
356-impedance converter (with offset correc- 
tion) can be used. The voltage at TP 203 should 
be aligned to 1.000 V with the aid of potentio- 
meter R 204. This alignment should also be fixed 
with lacquer. The 10.720 MHz oscillator is 
switched on again, after which the measuring 
system will be ready for operation if all modules 
are operating correctly 


The noise source is now connected to the control 
output Uns and plugged to the 144.1 MHz mea- 
suring input ‘‘RF"’. It is now possible for the first 
noise alignment to be made: Namely that of the 
built-in receive converter as described by 
DK 10F. If the ENR-value of the noise source is 
known, it is possible for it to be set in switch posi- 
tion ENRigg with the aid of the potentiometer 
while observing the meter. The value 0 on the 
meter coresponds to ENR = 10 dB, and the full- 
scale deflection (100) corresponds to ENR = 
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20 dB. If an ENR-value of 16 dB is to be used, the 
potentiometer will be aligned for a reading of 60 
scale units 


If, on the other hand, the ENR-value of the noise 
source is not known, firstly adjust any value that 
is able to produce a reading after switching to 
Fiog. This allows the receive converter to be 
aligned for minimum noise figure. In the author's 
prototype using a DK 1 OF converter, a minimum 
noise figure of approximately 4.5 dB was obtain- 
ed. If the ENR-value potentiometer is now 
adjusted until this noise figure is indicated (45 
scale units), this means that the ENR-value is at 
least approximated in the 2m-band. It is possible 
afterwards to calibrate one’s own noise-source 
by carrying out comparative noise figure 
measurements with precision equipment over 
the widest frequency range, and at the highest 
possible accuracy. 


After the ENR-value and thus the noise figure of 
the measuring input is known sufficiently accu- 
rately, it is possible for the components of the 
second stage to be taken into consideration. For 
this, one requires the gain of the test object 
together with the following equation 


NF2-1 
NFin, = NF, + a 


where: NF, = noise figure of the test object 
(insert as a factor and not in dB!) 


NF2 = noise figure of the measuring in- 
put(e.g.4.5dB = 2.8) 


G, = power gain of the test object, 
(also insert as factor) 


Resistor R302 of PC-board RMG 03 was 
designed to have such a high value in order to 
carry out the noise alignment of the receive con- 
verter. In operation later, it is more favorable to 
reduce the gain: A value of 22 kQ should be used 
for resistor R302 


10. 
FINAL NOTES 


It would exceed the scope of this article if all pos- 
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—__| Ps: Power of the interference 


Pa: Mean noise power 
{without interference) 


| Pg: Mean noise power 
(with interference: Ps + Ra) 


0 
1Olog(-4)— > 


Fig. 30: An interference signal that is 6 dB weaker than the mean noise power will falsify a power 
measurement by 1 dB! 


11. 
REFERENCES 


sible errors of noise figure measurements were 
to be mentioned. A previous article ‘‘Some Pit- (1) J. Kestler, DK 1 OF: 
falls in Noise Figure Measurements” (2) des- 
cribes a large number of possible errors. At this 
point we would like to underline the extremely 
low value of the measured power levels: 


A Precision Digital Multimeter 

Part 1: Analog/Digital Converter, Decoder 
and Indicator Modules 

VHF COMMUNICATIONS Vol. 8, Edition 
2/1976, pages 118 — 127 

0.4 x 1020 Ws x 30000 s"" Part 2: Input Amplifier and Power Supply 
1.2x 10-16 W VHF COMMUNICATIONS, Vol. 8, Edition 
3/1976, pages 181-191 


1kTo x 30 kHz 


= -129dBm 
(2) J. Gannaway, G 3 YGF and 
Figure 30 shows by how much interference D. Holmes, G 4 FZZ: 
signals must be below the noise level in order Some Pitfalls in Noise Figure Measurements 
to obtain a certain accuracy during the measure- VHF COMMUNICATIONS, Vol. 14, Edition 
ments. 1/1982, pages 44 - 48 
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A Digital Storage Module and Scan Converter 
for Weather Satellite Images 


Part 3: Synthetic Colour Module 


This description of a synthetic colour module 
equipped with a PAL modulator is to complete 
the series of articles regarding a system for 
reception and display of weather satellite 
images. This module converts the grey levels 
of the video signal from the digital storage 
YU 3 UMV 002 into synthetic colours. 


% 
INTRODUCTION 


Weather satellites transmit images that are 
observed in the various spectral ranges. The 
most important spectrum for providing informa- 
tion on the weather situation is in the infrared 
range (IR) at a wavelength of approximately 
11 um. As you will probably know, these images 
have an extremely large dynamic range and 
require, for this reason, considerably more grey 
levels than required for images in the visible light 
range (VIS). Modern digital storage modules are 
well able to process this large dynamic range, 
however, our eyes are not able to determine very 
slight intensity differences on the screen of a 
monochrome monitor tube. Since the human eye 
is very much more sensitive to slight colour diffe- 
rences than to slight intensity differences, it is 
more favorable to replace the grey levels of an 
image by corresponding colour shades. 


Of course, this simple trick is also useful for the 
visible images: One can, for instance, colour the 
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sea deep blue, Europe green, the Sahara yellow 
and the high clouds pink/white. 


Of course, the best results are obtained with a 
professional colour video monitor with separate 
RGB-inputs, however, it is also possible to use a 
PAL-colour TV-receiver with its limited bandwith 
if one is able to accept reduction of the geometric 
resolution. In order to ensure that a video input 
need not be installed in the TV-receiver, the syn- 
thetic colour module is equipped with a simple 
VHF modulator for TV-band |. 


2: 
CIRCUIT DESCRIPTION 


The block diagram of the synthetic colour PAL- 
modulator is given in Figure 21. The composite 
video signal from the digital storage drives three 
main functions: 


@ The colour coder for generating the two 
colour-difference signals; 

@ The VHF-modulator for generating the video 
signal and the synchronizing impulses; 

@ The synchronizing logic for generating the 
various impulses required by the PAL- 
modulator. 


An integrated circuit type TBA 520 is used as 
PAL-modulator. Since the PAL-TV standard 
requires a very accurate colour Carrier fre- 
quency, the module uses a crystal-controlled 
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a Fig. 21: 
coincaaas Block diagram 
oscillator of the synthetic 
4433619 kHz colour module 


7303 


1Onmv 

RF PAL signal 

to PAL TV receiver 
CCIA channels 2, 3 or 4 


eon YU 3 UMV 
—e 003 
1304 


oscillator. The video signal is passed through a VHF-modulator converts the signals to an 
delay line before being fed to the VHF-modulator unused VHF-(band |) channel. The whole circuit 
where it is combined with the colour signal. This —_ requires approximately 50 mA at a voltage of 
delay line is required to compensate for the delay 12.6 V. 

in the colour coding and modulation stages. The 


As can be seen in Figure 22, the colour coding 


L : : Lo <j a 
Fig. 22: Colour coder and synchronizing logic 
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circuit includes a stage for shifting the DC- 
voltage level (P301 and T301), as well as three 
level comparators (1301-1303). Potentiometer 
P301 allows the colour scale to be shifted. Since 
the brightness levels vary during the day, and 
especially between infrared and visible images, 
P301 should be provided as a potentiometer on 
the front panel of the system 


The integrated circuits LM 3080 only provide a 
moderate gain and provide a gradual transfer 
characteristic as shown in Figure 23. The 
LM 3080 operational amplifiers provide a 
current, which means that their outputs can be 
combined together in order to sum the signals. 
This ensures that there are no problems with DC- 
voltage drift when connected to the TBA 520 
(1305 in Figure 24). 


It is favorable to have a higher resolution in the 
dark parts of the image both for IR and visible 
images. The divider network for the reference 
voltage is therefore not symmetrical (4.7 Q and 
10 Q). 


Transistor T302 separates the sychronizing 
pulses from the composite video signal. A mono- 
flop built up using the inverters of 1304 delays the 
horizontal synchronizing pulses in order to 
obtain the burst-gate pulses. These pulses also 


2 

2 

= 

= 

z 

= 00% onginal 

3 Nput signal 
5 grey scale 
3 


YU3UMV 
003 


Fig. 23: Conversion characteristic of the colour coder 


ensure that the signals R-G and B—G are forced 
to have the constant burst pulses of the required 
level. The horizontal synchronizing pulses are 
also used for timing the PAL-flipflop. Unfortuna- 
tely, they are not available during the vertical 
synchronizing cycle. However, since the image 
generated in the digital storage posesses an 
even number (320) of lines it is possible to use 
the vertical synchronizing pulses for resetting 
the PAL-flipfiop at the beginning of each image. 


The colour carrier oscillator (Figure 24) provides 


On Wy 


Ht-+ + i + + + 


wos (] 
03 o + 


ce DIK 
1303 ' 
133 nae 

4.6m: j BC 23 = 


T fi T ©). 0, 
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ae si Fp: 205 
150k tk nS 0305 tk 
F 1N4148 
5 
- s Text 
YU 3 UMV sa 
i 
003/2 8-G R-G PAL burst 
chroma = chroma: FF gote Ye 
reset — =) 
ptm 


Fig. 24: PAL-colour carrier oscillator, PAL-modulator, and VHF-modulator 
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the PAL-modulator 1305 with the two reference 
signals. The B—G reference signal is obtained 
using a phase-shift network. The TBA 520 was 
developed as a PAL-demodulator in colour-TV 
receivers, however, it also operates excellently as 
a PAL-modulator. It contains two push-pull modu- 
lators, the PAL-flipflop, and the PAL-switch. The 
PAL-flipflop is a simple two-transistor circuit that 
requires two external capacitors for operation. 
Pin 10 of 1305 is connected internally to one tap of 
the bias-voltage divider network. During the hori- 
zontal synchronizing pulses, it is grounded via 
D304, in order to suppress the colour signal. This 
signal is taken from pin 5, which was originally 
intended as G—Y output. Since the gain values of 
the two modulators for B-G and R—G, respec- 
tively, are not identical with respect to the output 
voltage at pin 5, the amplitude of the R-G modu- 
lation signal should be lower than that of the 
B-G signal. 


Ina PAL-TV receiver, the gain control of the colour 
signal is controlled by the burst amplitude. This 
means that the colour saturation is defined by the 
ratio of colour amplitude to burst amplitude. In 
our case, this ratio is determined by the 1.5 kQ 
resistor in series with D305 (at pin 5 of 1305), as 
can be seen in Figure 25. 


Input | | 
video signal 


(2 lines) 


modulated 
chroma 


Although not usually used in such a circuit, the 
$042P (1306) is an excellent video modulator. 
The oscillator portion of this integrated circuit 
oscillates in the lower VHF-range between 
approximately 45 and 65 MHz using the three 
external capacitors and the coil. The push-pull 
modulator within the IC must, of course, be un- 
balanced (trimmer P302) in order to obtain an 
amplitude modulation. The colour signal is 
injected via a capacitor of only 2.2 pF in order to 
suppress the lower-frequency components of the 
output voltage of 1305. The VHF-output signal at 
pin 2 of 1306 already provides an output level sui- 
table for feeding a colour TV-receiver. 


3. 
CONSTRUCTION 


The synthetic colour module is built up on a 
single-coated PC-board having the dimensions 
100 mm x 70 mm. The component location plan 
is given in Figure 26, and the board has been 
designated YU 3 UMV 003. All resistors and 
capacitors are mounted horizontally. Attention 


PAL-Fliptiop | aac | een 


YU 3 UMV 003 


Fig. 25: Generation of the colour signal 
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Fig. 26: PC-board YU3 UMV 003 of the synthetic colour module 


must only be paid that two resistors are to be 
mounted on the conductor side of the board 
below the S042P, and that the delay line is not 
directly mounted onto the board. It is soldered 
together with the required terminating resistor of 
1 kQ between the connection points Pt302 and 
Pt307, as can be seen in the photograph of the 
author's prototype given in Figure 27. Other ty- 
pes of delay lines can be mounted on the inside 
of the case, if required. CAUTION: These are not 
the usual 64 ws PAL-delay lines but have only 
470 ns. The oscillator coil can be constructed 
using a coil set, or using a JapanesedF-coil with a 
suitable number of turns. The PC-board is 
designed to use a coil having a case of 10 mm x 
10 mm. The number of turns should be establish- 
ed most favorably using a dipmeter, with a capa- 
citance of 15 pF parallel to the coil. This value 
corresponds to the resulting capacitance of the 
three capacitors and the internal capacitance of 
the 1306. 
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It is recommended that the completed, and 
tested module YUS3UMV 003 be mounted in a 
screened case, since TV-receivers are very sen- 
sitive to interference caused by the digital 
Circuits, especially in the lower VHF-range. The 
VHF-connection to the TV-receiver should also 
be well screened and grounded carefully in order 
to ensure that no interference signals are receiv- 
ed, and no other TV-receivers are interfered with 


3.1. 
Special Components 


T301: BC 213, BC 415, BC 560 or similar 
silicon PNP-AF-transistor 
T302, 7303: BC237,BC 413, BC 550 or similar 


silicon NPN-AF-transistor 
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Fig. 27: Photograph of the author's prototype of the synthetic colour module using a tubular delay line (right) 


D301-—D 305: 


1301-1303: 


1304: 


1305: 


1306 


Q: 


L301: 


am A A em A A a ti es SN ee 


1 N 4148 or 1 N4151 or similar 
silicon switching diode 


LM 3080 or CA3080, if possible 
with suffix ‘A’ (lower tolerance) 
4049 CMOS 6-times inverter/ 
buffer 

TBA 520 PAL demodulator 
(Telefunken, etc.) 

$042P, VHF-modulator 
(Siemens) 

PAL-colour carrier crystal 
4433.619 kHz, parallel 
resonance with 20-30 pF load 
capacitance in HC-6/U or 
HC-18/U 

t = 470 ns, Zp) = 115 kQ - 
Philips, type DL 470 or similar 
type having the same values 
Approx. 5 turns of enamelled 
copper wire of approx. 0.5 mm 


dia. in a Japanese 10.7 MHz coil, 


further details given in the text 


C301: 22 pF plastic foil trimmer 
(Philips: green) 

P 301: 10 kQ linear potentiometer 
located on the front panel 

P 302: 10 kQ linear trimmer potentio- 


meter, spacing 10/5 mm 
220 uF/16 V, aluminium electrolytic, 
max. spacing 25 mm 
10 wF/N6 V, tantalum electrolytic, 
1.5 nF plastic foil capacitor, spacing 5 mm, at 
pin 2of!5 
100 nF plastic foil capacitor, spacing 10 mm, at 
base of T2. 
All other capacitors: ceramic, spacing 5mm 
All resistors: spacing 10 mm 


4. 
ALIGNMENT 


The frequency of the PAL-crystal oscillator 
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should be aligned exactly with the aid of the 
plastic foil trimmer since an error of only a few 
hundred Hz will not allow the locking-in of the 
PAL-demodulator in the colour TV-receiver. 


The PAL-delay line in the colour TV-receiver pro- 
vides a delay of exactly 64 ys; if the line period of 
the digital storage does not correspond exactly to 
64 us, two superimposed images will appear on 
the screen of the TV-receiver. This is corrected 
easily by adjusting the frequency of the 1 MHz 
clock oscillator on YUSUMV 001 to exactly 
1 MHz (L101). 


The oscillators in the synthetic colour module 
and in the digital storage module are indepen- 
dent, and are therefore not coherently phase- 
locked. Normally, this fact will not cause any 
problems; however, in some cases the various 
possible beat frequencies could cause visible 
interference such as a brightness modulation of 
the image. In such cases, it is recommended that 
the two oscillators should be slightly detuned 
until the interference disappears 


5. 
FINAL NOTES 


The described PAL-colour modulator converts a 
black-and-white video signal into a synthetic 
colour PAL-signal. It should be possible to 
combine several video signals to a single colour 
signal. It could, for instance, be possible for the 
video signal from a visible image to determine 
the brightness, and the video signal from the 
associated IR image to determine the colour. 
However, one would require two perfectly syn- 
chronized digital storages for such an 
experiment. 


Finally, it should be mentioned that the synchro- 
nizing logic circuitry of the synthetic colour PAL- 
module is exclusively designed for use with the 
video signal of the described digital storage 
YUS3UMV 001/002. If the synthetic colour 
module is to be used with other video storage 
modules, it will probably be necessary to modify 
the synchronizing circuitry. 


Colour ATV-Transmissions are no problem 


for our new ATV-7011 


The ATV-7011 is a professional quality ATV trans- 
mitter for the 70 cm band. It is only necessary to 
connect a camera (monochrome or colour), antenna 
and microphone. Can be operated from 220 V AC or 
12 V DC. The standard unit operates according to 
CCIR, but other standards are available on request 


The ATV-7011 is a further development of our reli- 
able ATV-7010 with better specifications, newer de- 
sign, and smaller dimensions. It uses a new system 
of video-sound combination and modulation. It is 
also suitable for mobile operation from 12 V DC or 
for fixed operation on 220 V AC 


PEIOD | sicsiicininsccannnctseardioasviesrertectiniiess DM 2750.00 


The ATV-7011 is also available for broadcasting use 
between 470 MHz and 500 MHz, and a number of 
such units are in continuous operation in Africa. 


Specifications: 

Frequencies, crystal-controlied: 

Video 434.25 MHz, Sound 439.75 MHz 
IM-products (3rd order): better than — 30 dB 
Suppression of osc.freq. and image: 

better than — 55 dB 
Power-output, unmodulated: typ. 10 W 
Delivery: ex. stock to 8 weeks (standard model) 


TKWVtechnik terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdort 


Tel. 09133/855 (Tag und.Nacht) 
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Editors 


Preliminary Experience with the Digital 
Storage Module described by YU3 UMV 


All digital storage modules built up by the 
editors operated without problems. However, 
a few modifications were made afterwards to 
improve operation, and these are now to be 
described. 


Firstly, however, it should be mentioned that 
some of our readers have problems with the six 
64 K-memory ICs, which were seen as strips of 
missing pixels. In all cases, it was found that 
sockets were used. It seems that the access 
times of the TMS 4164-15NL memories are so 
near to the permissible limits that the delay in the 
IC-sockets is too great even when using expen- 
sive, flat socket types. This problem was solved 
by deleting the sockets, or when using memories 
having a better access time from other manu- 
facturers. Up to now, types MCM 6665 and 
D 4164 C-3 have been found to be fast enough for 
use in sockets. If any of our readers has had 
further experience, please do not hesitate to con- 
tact the editors. 


In the component location plan for board 
YU3UMV 002 on page 22, 1212 should be a 
LS 123, and not LS 153 as given. 


If the image is diagonal on the screen of the 
monitor, this will indicate that the synchronization 
is not locked into the 2400 Hz subcarrier. In the 
case of some 4046 (| 103), the range of trimmer 
R105 will not obtain the nominal frequency of 
38.4 kHz. In such cases, a 50 kQ potentiometer 
should be used for R105, and one should 
possibly bridge the 10 kQ dropper resistor. 
Furthermore, a value of only 82 pF is more favor- 
able for the coupling capacitor at pin 14 of 1103 
instead of the original 1000 pF. The resistor bet- 
ween pins 2 and 9 of this IC should preferably be 
330 kQ instead of the original 100 kQ. 


The push-buttons designated ‘‘fast" and “‘slow” 
are used for manual synchronization. Their use 
is better designated as “'shift-to-right” or “shift- 
to-left’. This shifting is made in such large jumps, 


DL6NAD uae 
: 
Pt 127 } er 
+5V he 
- ' 
Pt 204 


1N4148 
7k 


Additional circuit 

for YU3 UMV 001/002 
to ease manual 
alignment 

of the image 
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even when depressing the pushbutton quickly, 
that it is difficult to find the required position of 
the image sector. The small circuit diagram 
shows an additional circuit and has been design- 
ed for this so that no modifications must be made 
to the PC-board. 


A divider is driven by the line clock and connects 
the base of the two pushbuttons to ground viaa 
transistor — itis advisable to replace these push- 
buttons by a switch with two sprung-make con- 
tacts and a neutral position. The designation 
“links” and “rechts” is, of course, exchanged on 
switching from N/S to S/N (Pt204 and Pt 207). For 
this reason, it is advisable for the described 
synchronizing modification to be combined with 
the mentioned switches. This ease of operation 
also results in a cleaner front panel. 


If the colours and colour transitions are not to 


your liking, one can experiment by varying the 
resistors between +12 V and pin 5 of the LM 3080 
(1101 — 1303). For those readers that with to see 
the satellite image in black and white on the 
colour TV receiver, it is possible for an additional 
switch, connected between the collector of T 302 
and ground, to short out the control signal for the 
PAL flipflop. In this manner one will obtain the 
monochrome image at VHF, which can be of 
interest for those readers that do not have a video 
monitor; however, the resolution will suffer due to 
the limited bandwidth of TV-receivers. 


In one case, the contrast of the colour image was 
too low, because the modulator 1306 did not re- 
ceive enough drive. This problem was solved by 
increasing the value of the coupling capacitor 
between |305 and 1306 from 2.2 pF to 22 pF. 


DL3WR/DL6NAD 


D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf 


RECEIVER for 136-138 MHz 
(Weather-satellite band) 


The receiver described by Rudy Tellert, 
DC3NT, in 4/1979 and 1/1980 of VHF 
COMMUNICATIONS is now available in 
the form of ready-to-operate modules! 


1. RF/IF module DC3NT 003: 

complete with special crystal filter, 
demodulator and_ filtering. Also 
includes monitor amplifier and sub- 
carrier output. DM 395.00 


2. Oscillator module DC3NT 004: 
Enclosed in metal case. Includes AFC 
and scanning circuit, as well as a 
3.5 MHz frequency shift circuit for 
METEOSAT channels 1 and 2. 

DM 168.00 


3. VHF COMM. 4/79+1/80 DM 9.00 


Tel. West Germany 9133-855. For Representatives see cover page 2 
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Gerd Otto, DC 6 HL 


A Mini SSB-Transceiver for the 2 m Band 


Part 2 


4. 
CONSTRUCTION 


41. AF/IF Board DC6HL 011 


The components can be installed as shown in the 
component location plan (Figure 5) and solder- 
ed into place. 


It is only necessary for the four mounting holes 
on the corners of the board, and possibly the 
ground holes of inductances L52, L53, and L54, 
to be drilled out. 


o RS) 


2 § on we 


Thin wires should be soldered directly into the 
connection points. These wires serve as connec- 
tion points during the preliminary testing of the 
boards, and are shortened after installing the 
board. They are used for the interconnection to 
the feedthrough capacitors mounted in the 
screening box. Inductances L51 and L55 must 
be connected with the aid of a short piece of 
RG-174 coaxial cable on the lower side of the 
board in order to connect the oscillator signal to 
the receive mixer. 


A spacer bushing of 4 mm dia. x 4mm should be 


65 


Fig. 5: 

The AF/IF board DC6HL 011 
! has through-contacts 

and its dimensions are 
- 65 mm x 75mm 
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soldered to each mounting hole. The PC-board is 
later fixed into the case using M2 screws placed 
through these bushings. 


4.2. RF-Board DC6HL 010 


The component locations on this 60 x 65 mm PC- 
board are given in Figure 6. The same is valid for 
the holes on this board as was mentioned for the 
AF/IF-board. It is necessary for the mounting 
holes for the trimmers C01 and C02 to be drilled 
out (3 mm dia.), The ready-wound inductances 
LO7, LO8, and L.10 are inserted so that the cold 
end of the coil faces towards the board 


It is now possible for all components with the ex- 
ception of the inductances and capacitors in the 
screening cans to be mounted into place. 
Special attention must be paid when mounting 
the mixer to ensure that it is in the correct posi- 
tion. It should also not be directly touching the 
board but should have a spacing of 1 mm. All ver- 
tical resistors should be mounted in the direction 
shown in the component location plan, which is, 
that the shorter connection of the resistor is con- 
nected to the “hot” conductor lane. This is follow- 
ed by soldering the screening panels of the 
bandpass filter to the upper side of the board. 
After this, it is possible for the trimmers to be 
installed. The ground connections should be 
soldered both to the component and conductor 
side of the board. The prepared inductances L04 
and L065 are placed through the ground and coil 
tap holes and soldered into position. Finally, it is 
only necessary for the four fixed capacitors to be 
soldered into place together with the connection 
wires. The PC-board is ready for testing after the 
two wire bridges shown as dashed lines in 
Figure 6 have been installed. 


5. 
TESTING AND ALIGNMENT 


A test and alignment procedure is now to be 
described that requires a minimum of measuring 
equipment. Before carrying out an electrical test, 
it is always advisable to carry out a careful, 
visible check for exchanged components, solder 
shorts on the conductor lanes, etc. 
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Fig. 6: The RF-board OC6HL 010 also has through- 
contacts and is 65 x 60 mm 


5.1. Preliminary Testing of the 
AF/IF-Board 


a) Connect the board as shown in Figure 7. 


b) Connect the operating voltage and place the 
transmit-receive switch to position Tx 


c) Place sideband selector to position LSB. 
11.5V 


Fig. 7: The operation of the AF/IF board can be 
checked as shown 
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d) 


e) 


f) 


Crystal Q2 should commence oscillation. A 
frequency counter connected to the voltage 
divider indicates the crystal frequency. Vary 
Cy of Q2 until 9.0015 MHz is indicated 
Switch to USB and align Cy of Q1 until 
8.9985 MHz is indicated 


Connect a 1 kHz-signal of 100 mV (peak-to- 
peak) to the microphone input. A modulation 
envelope should be seen on the oscilloscope 
connected to the 9 MHz output. This should 
be aligned for maximum by aligning L52. If 
limiting is already occuring, reduce the AF- 
drive signal. 


Align the mixer for best balance with the aid 
of R51. The envelope should now pass 
through zero. 


Place the transmit/receive switch to position 
Rx, and turn up the volume control until 
noise can just be heard. Broadcast signals 
should be heard when placing one’s finger or 
a piece of wire to the 9 MHz input. 


100 Vi 


9) 


Without signal, align trimmer R52 until a vol- 
tage of +9 V is present at the output for the 
PIN-control voltage. 


5.2. Preliminary Testing of the 


a) 


b) 


RF-Board DC6HL 010 


Connect 12 to 15 V to connection Pt 11. A sta- 
bilized voltage of 11 to 11.5 V should now be 
present at output Pt 10. If this is not the case 
due to the greater spread of the zener diode 
D 16, it is possible for the ratio of the two 1 kQ 
resistors to be changed somewhat. The cur- 
rent drain should drop to zero on shorting 
Pt10. 


With the PTT-contact open, the operating vol- 
tage should be present at +Up,, and at +U, 
when actuated. 


5.3. Final Test and Alignment 


a) 
b) 


Wire both boards according to Figure 8 


Switch to receive and set the oscillator signal 
to 136 MHz. A 145 MHz signal should now be 


Fig. 8: Wiring diagram of the transceiver; the crystal filter is to be seen in the center. 
The 10 V-meter shows the testpoint for the stabilized voltage; the circuit for the relative RF-output 


power indication is seen on the right. 
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c) 


d) 


Fig. 9: 


injected into the RF-Rx input (Pt03), and in- 
creased in level until a tone is audible in the 
loudspeaker. 


The following should now be aligned to maxi- 
mum reducing the RF-signal in steps: 

L54 and L53 on the AF/IF-board, L01 (wide 
maximum), LO3, C01, C02, L10, LO8, and 
LO7 on the RF-board. This alignment should 
be repeated again and again until no further 
improvement is possible. 


For alignment of the PIN-control threshold, 
connect a signal generator with an output of 
1 uV to the RF-Rx input (Pt03). Adjust R52 
on the AF/IF-board so that a PIN-control vol- 
tage of 7 V results. (Figure 9). If a signal 
generator is not available, R52 should be 
adjusted without signal so that the PIN- 
control voltage just starts to fall from the 
maximum value (approx. 9.5 V). 


A 100 wA-meter is used as S-meter. A scale 
as shown in Figure 10 should be used for this 


e) 


f) 


The control voltage of the 
PIN-diodes as a function 
of the RF-input voltage 


meter. The “zero alignment” is made to the 
-—120 dBm point without signal using the 
external 20 kQ trimmer. With an input signal 
of ~—70 dBm, the external 50 kQ trimmer 
should now be aligned to the —70 dBm point. 
These two alignment steps should also be 
repeated several times. 


Switch to transmit. Feed an input voltage of 
100 mV (peak-to-peak) at 1 kHz to the micro- 
phone input. A milliwatt-meter connected to 
the RF-Tx output should now indicate appro- 
ximately +7 dBm 


If the AF-drive is reduced until the RF-output 
level is reduced by 3 dB, and the oscillator 
frequency tuned from 135 to 137 MHz, the 
level should not drop by more than 1 dB com- 
pared with the center frequency. If this is not 
achieved immediately, one will require a 
slight correction at C01 and C02, or LO7 and 
LO8 on the RF-board 


The ripple of the crystal filter can be checked 


Fig. 10: The scale of a 100 A-meter can be calibrated as S-meter. 
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a 
= 725 
: — 


Fig. 11: Required holes in the metal case. A 28 mm high screening panel is placed between the connections of 
the crystal filter and is also provided with a hole for a feedthrough capacitor approx. 9 mm below the 
upper edge (as is also the case for the other feedthroughs). 


9) 


by varying the AF-control frequency. If it is 
more than 2 dB, the following should be 
made assuming that no swept-frequency 
generator is available: 

Vary the AF-frequency until a level minimum 
is obtained. Attempt now to increase the level 
as much as possible by adjusting LO1 (RF- 
board), or altering the capacitor between 
Pt01 and Pt02, or between Pt54 and Pt55 
(AF/IF-board). 

If the ripple is then checked as described 
above, one will usually have determined an 
improvement. 


Short-circuit the microphone input and align 
R51 for maximum carrier suppression 
(check with the aid of a 2 m receiver). A 
carrier suppression of at least 60 dB should 


be achieved. If this is not possible, exchange 
151 or change the ratio between the two 
10 pF capacitors. It must then be followed by 
aligning L52 for maximum. 


TT ae Ay 
il 1 Los iS 
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Fig. 12: Photograph of the completed SSB mini-transceiver for 145 MHz 
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6. 
INSTALLATION AND CONNECTION 


The PC-board module should only be installed 
into the screening box alfter all the test and align- 
ment work described in 5. has been carried out. 
The required holes are shown in Figure 11. Since 
the 144 MHz circuits will be slightly detuned, the 
alignment given in e) of section 5.3, should be 
repeated after installation. 


Figure 12 shows the photograph of the com- 


7. 
MEASURED VALUES 


The author and DC@ZS constructed a prototype 
from the original PC-boards and kits available 
from the publishers. The measured values of 
both prototypes were determined in detail by the 
author; the resulting values are to be given in the 
following table. The values of the second proto- 
type are given in parenthesis. 


pleted transceiver. 


71. General Specifications 


Minimum unstabilized operating voltage 12.1V 
Stabilized operating voltage 16V (11.4 V) 
Overall current drain (receive) 90 mA (82 mA) 
Overall current drain (transmit) 97 mA (90 mA) 
7.2. Receiver Specifications 
Sensitivity: RF-voltage for 10 dB (S+N)/N: 0125uV (0.09 nV) 
Noise ratio at Uj, = 1 mV: 51dB (48 dB) 
Control slope: Variation of the AF-level on 

altering the RF-voltage from 

1 uV to 100 mv: 6dB (4.6 dB) 
Image selectivity: Reference level 1 V, control fixed, 

interference signal 127 MHz: 70 dB (69 dB) 
Intermodulation rejection: f; = fin + 100 kHz; U; = 10 mV 64 dB (62 dB) 

fo = fin + 200 kHz; Uz = 10 mV 

Corresponding intercept point: +5dBm (+4dBm) 
Intermodulation rejection fy = fin + 1 kHz; U, = 10 mV 48 dB (47 dB) 
in passband: fo = fin + 1.4kKHz; Us = 10 mV 

(evaluated with AF-analyzer) 
Control time constants: Leveljump: from -110dBmto -40dBm: 18 ms (2 ms) 

Leveljump: from -40dBmto -110dBm: 25s (2s) 
AF-output power for 
3% distortion: (into 8 Q) 650 mW = (820 mW) 
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7.3. Measured Values of the Transmitter 
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Output power (into 50 Q) 5 mw 
AF-input voltage for drive to nominal output power: 100 mV 
(peak-to-peak) 
Intermodulation rejection: f; = 1kHz; fo = 14kHz 35 dB (30 dB) 
U, = Up adjusted so that P; + Po = 1mW 
Spurious rejection (at full drive to 5 mW): 
between 135 and 137 MHz: 67 dB (65 dB) 
at9 MHz x 16 = 144 MHz: 74dB (70 dB) 
Image rejection (126-128 MHz): 70 dB (69 dB) 
Carrier suppression (at full drive to 5 mW): 65 dB 
(at full drive): 32 dB (31 dB) 


Harmonic rejection 


This completes the description of the mini- 
SSB-transceiver. At present, the author is 
designing a VXO having a pull range of 
approximately 300 kHz and a spurious rejec- 
tion of 65 dB, which can be installed in a metal 


box of 74 x 37 x 30 mm. A 1 W linear amplifier is 
also being designed. However, the author and 
the editors request that no technical infor- 
mation is requested until publication. 


New Interdigital Bandpass Filters 


4-stage, sealed bandpass filters for 
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz 
centre frequencies. 


3 dB bandwidth: 
Passband insertion loss: 

Attenuation at + 24 MHz: 
Attenuation at + 33 MHz: 
Return loss: 
Dimensions (mm): 


vvesssssasssasssassee 140 X 70 X 26 


Ideal for installation between first and second pre- 
amplifier or in front of the mixer for suppression of 
image noise, and interference from UHF-TV 
transmitters and out-of-band Radar Stations. Also 
very advisable at the output of a frequency multi- 
plier chain, or behind a transmit mixer. 


Price: DM 168.— 
fi] Please list required 
centre frequency on 


ordering. 


<WWtechnik terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf 


Tel 


West Germany 9133 / 855 - For representatives see cover page 2 
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Jan-Martin Noeding, LA 8 AK 


Improved Pin-Diode Switch 
. for Transmit/Receive Switching 


A simple circuit is to be described to switch 

the signal at the antenna connector of a 

144 MHz transceiver such as the IC202 toa 

transmit or receive converter for the UHF or 

Microwave bands. This circuit has similar 

switching functions as the PIN-diode swit- ” 

ching circuit described in Edition 1/1982 of in t 
VHF COMMUNICATIONS. D3 


% ? ' ree a, 
As can be seen in the circuit diagram, a total of (36cm) 
four PIN-diodes type BA 182 (or BA243, BA 282), 
are used which all conduct in the transmit mode 
The good characteristics given in the table are 
obtained by replacing the previously used RF- TRx cmp - ‘2 Tx 
chokes by 4/4 coaxial lines, and the general use ig Dé J ¢ BNC 
of chip capacitors. A simple control circuit is Ni abhi 
used to generate the required voltage and 


current values required for switching. 


Operation 


When the input “TX-PTT" is not grounded, a cho th : 

voltage of 50-100 mV will be available at the out- Bead 
! put of the three-stage transistor circuit, which is H 2, 

more than sufficient to switch the PIN-diodes. In *12V 

this mode, the signal at connector “RX” is fed to 

the transceive connector '“TRX"’. The path to the 

“TX" connector is blocked. If, on the other hand, 

TX-PTT is grounded, the transistor circuit will 

supply approximately 25 mA, which means that =‘ Tx-PTT 

D4 to D1 will conduct. The receive path will now 3x2N3706 

attenuate signals in both directions, and the BCSi66 

transceiver is connected through to the "TX" 10k 


connector LA8AK 


x 
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Fr Measurin : 
seria cnet Attenuation level g Drive mode 
RX TX 15 dB -10dBm PTT high 
RX TRX sS 0.4dB —20dBm PTT high 
| TRX TX 15 dB -10dBm PTT high 
L : 1 iene Se 4 
TRX TX S 0.4dB -—20dBm PTT low 
TRX RX 55 dB +10dBm PTT low 
+10dBm PTT low 


TX RX 


Measured Values 


The following equipment was used during the 


measurements: 


Signal Generator WAVETEK 3001, Fieldstrength 
Meter PRESTEL MC 26, Power Meter BIRD 43, as 
well as several attenuators. All unused connec- 


| 55 dB 


tors were terminated with 50 Q. A power level of 


5 W was available for attenuation measurements 


in the transmit path. 


All measured values in the Table were measured 
at 144 MHz. 


Which Volumes of VHF COMMUNICATIONS are missing from your library ? 


As you know, the publishers continue to reprint back copies of VHF COMMUNICATIONS. Since they are full 
technical articles and little news or advertising, they contain a great deal of non-aging information that is just as 
valid today. Many of our readers will also have lent out copies of VHF COMMUNICATIONS and never received 


them back. All editions available can be obtained from your representative or from the publishers 


Subscription to VHF COMMUNICATIONS 1983 
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VHF COMMUNICATIONS 
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Individual copies 1981 
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Friedrich Krug, DJ3 RV 


A Versatile IF-Module Suitable for 


2 m Receivers, 


or as an IF-Module for the SHF Band 


Part VI: Construction of the Demodulator 


Module DJ3 RV 003 


This description of the demodulator module 
DJ3RV 003 completes the series of articles 
regarding the construction of the IF-module 
of a 2 m receiver. Due to the wide range of 
applications, and use of high-quality state-of- 
the-art components, the circuitry is rather ex- 
tensive. However, since each of the modules 
can be used individually, they allow high- 
quality, reliable circuits to be used and also 
allow room for one's own experiments. 


4.2.5. 
Demodulator Module DJ3RV 003 


Module DJ3RV 003 is provided with a selective 
amplifier at the input, which feeds three indivi- 
dual demodulator circuits for FM, AM, and 
SSB/CW. The required demodulator is selected 
by switching the operating voltage. The FM de- 
modulator also generates the control voltage for 
the squelch circuit. 


This PC-board also has the same dimensions as 
the previously described modules of the series: 
74 mm x 148 mm, and can also be enclosed in a 
Standard metal box 


Circuit Description 


Figure 54 shows the circuit diagram of this 
module. The operation was described in detail in 
sections 3.5 to 3.8. of edition 31982 of VHF COM- 
MUNICATIONS. The selective amplifier at the 
input is used to improve isolation between the 
output of the filter (XF-910) and the demodulator 
inputs to a greater degree than was shown in 
Figure 13. This is obtained by adding an additio- 
nal FET P8002. The isolation using a single 
source-follower is too great, and the filter charac- 
teristics will change too much on switching the 
demodulators. 


If only narrowband demodulators are to be used, 
it is possible to also decrease the IF-bandwidth 
by using a narrowband filter XF 914 or XF 915 
(see Table 6) instead of the XF-910. In this case, it 
is necessary to also change L1 and the base- 
voltage divider values of R2 and R3. 


The two P8002 used as unbalanced differential 
amplifiers should be provided with the same 
gate-source voltage Ugs, and the source resistor 
R.1 should be calculated as described in Section 
4.2.1. 


The switching of the individual demodulators is 
made at the input and output using switching 
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BFO in 


+ 15ViFm) 


AF out 


Fig. 54: The selective buffer amplifier and the switchable demodulators 
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diodes that are actuated using the operating vol- 
tage. During operation, it is important that only 
one demodulator is switched on at any time. 


The envelope demodulator shown in Figure 31 is 
used as AM-demodulator: the audio signal is 
coupled out using a source follower and a 
switching diode and is fed to the AF-output. This 
Output coupling is identical for all demodulators. 
Unfortunately, the AF-filter shown in Figure 34 
could not be accommodated on the PC-board 


A push-pull mixer as given in Figure 32 is used as 
CW and SSB demodulator in conjunction with 
the BFO-signal. As described in Section 38., the 
attenuator can be deleted at BFO-levels of less 
than 1 mW and the input directly connected to 
transformer Tr2. 


The circuit diagram of the FM-demodulator is 
the circuit recommended by the manufacturer of 
the crystal filter XF 909. The discriminator 
characteristic has the greatest hump-spacing. 
However, all conductor lanes and holes required 
to obtain the lower hump-spacing described in 
Section 3.6.2., are also provided. The values of 
the required components are given in Section 5. 


The contro! voltage generation for the squelch 
has a greater switching hysteris than shown in 
Figure 30, since the resistor at the base of the 
first transistor BC 415 C is no longer grounded 
but connected to the collector of the second tran- 
sistor BC 415 C. 


Components 


All components not specially designated in the 
Circuit diagram are standard types of the given 
values. 


Resistors: 

Composite carbon resistors with a spacing of 
10 mm 

Capacitors: 

Ceramic capacitors for a spacing of 2.5 mm; 
Miniature types with an intrinsic resonance fre- 
quency in excess of 20 MHz should be used 
especially for the 10 nF bypass capacitors. 
Feedthrough capacitors: 

for solder mounting, approx. 2 nF. 

Fixed inductances: 

RF-chokes for a spacing of 12.5 mm and an intrin- 
sic resonance frequency in excess of 10 MHz. 


Wideband chokes: 
6-hole ferrite-core chokes 


The number of turns are valid for the special coil 
set 5140500000 (old designation D41-2165, 
orange). 

The center pins not fitting the spacing should be 
removed. 


Lt: 30 wH; 50 turns of approx. 
0.2 mm enamelled copper wire 
L2: 10 wH; 30 turns, approx. 


0.2 mm enamelled copper wire 
L3, L4, L5 have the same number of turns, but 
different pin connections: 
24 turns, approx. 0.2 mm ena- 
melied copper wire 
6 turns, approx. 0.35 mm ena- 
melled copper wire 
Trt: 10 turns of approx. 0.35 mm 
dia. enamelled copper wire; 
2 x 2 turns, twisted together 
from 0.35 mm dia. wire wound 
on a toroid core Siemens R63 
K1 
Tr2: 2 x 12 turns of twisted 035 mm 
dia. wire wound on a toroid core 
Siemens R63 K1 
C1,C2,andC3: 20 pF plastic foil trimmer, 
75 mm dia. (Philips: green) 
Rt: see text! 


Mounting Instructions 


The component location pian is given in Figure 
55, and Figure 56 shows a photograph of the 
author's prototype. 


The prototype board is double-coated, but does 
not possess through-contacts. This means that 
the ground points of the components must be 
soldered on both sides of the board at the desig- 
nated positions. 


The mechanical work should be carried out first, 
according to the information already given in 
Section 4.2.1. When installing the module in a 
30 mm high metal box, the spacing between the 
conductor side of the board and the base plate 
should amount to approximately 4.5 mm. 


After this, it is possible for all components to be 
mounted on the board. The following sequence 
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Fig. 55: The connections marked with crosses should be soldered on both sides of the PC-board 
OJ3RV 003. 
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Fig. 56: Photograph of the author's prototype of demodulator module DJ3 RV 003. 


has been found advisable by the author: 


@ Resistors and ceramic capacitors, not for- 
getting the designated ground points, which 
must be soldered on both sides 

Plastic foil capacitors and electrolytics 
Inductances and transformers 

Diodes 

Plastic foil trimmers 

Fixed inductances 

Crystal filter 

Transistors and ICs 

And finally the connections to the feed- 
through capacitors and connectors 


Preparations and Alignment 


The preparations and alignment are made in 
steps. Firstly align the selective buffer amplifier 
for the most favorable passband curve. This is 
achieved by feeding a swept-frequency signal of 
approximately 10 mV to the IF-input (Pt30), and 
+15 V to Pt31. The current at Pt31 should 
amount to 70 to 80 mA. The output signal is 
tapped off at test point MP1 with the aid of a 
probe. 


The alignment is made with L1, C1, and L2 for 
minimum ripple in the passband range. The 
amplifier should then possess a nonload voltage 
gain of at least 20 between the input and MP 1. 


After connecting a BFO-signal, it is only neces- 
sary to align the AF-amplitude at the SSB/CW 
demodulator. The current drain of the SSB, or the 
AM demodulator circuit amounts to approx. 
35 mA, and approx. 50 mA for the FM- 
demodulator. 


The alignment of the AM-demodulator is made 
with the aid of inductance L3 in conjunction with 
an amplitude modulated 9 MHz signal of approx 
10 mV at Pt30 for maximum AF-amplitude at the 
audio output. 


The alignment of the FM-demodulator is made in 
two steps. Firstly, the limiter is aligned for maxi- 
mum voltage at test point MP2 by aligning L4 
and L5 in conjunction with an unmodulated 
9 MHz signal fed to Pt30 having an amplitude of 
approx. 0.3 mV. If the input signal is increased to 
10 mV (+30 dB), it should be clearly limited at 
MP2; this means that the amplitude will not 
increase proportionally with the input level. This 
effect can easily be observed in conjunction with 
an amplitude-modulated signal. 
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The alignment of the FM-phase shift filter XF 909 
is made with C2 and C3 to obtain the most sym- 
metrical discriminator curve at test point MP3 
Since the phase behaviour of crystal filter XF 910 
has an effect on the balance, it is advisable to in- 
ject the signal at a level of approximately 100 mV 
to testpoint MP 1 via a capacitor, without connec- 
ting the operating voltage to Pt31 


in order to check the operation of the control vol- 
tage generator for the squeich, a 10 kQ potentio- 
meter is connected in series with a 33 kQ resistor 
between Pt36 (6.2 V) and ground, and the wiper 
of the potentiometer connected to Pt38 
(squeich) 


The switching voltage can be observed at Pt39 
(squelch gate), and the switchover point can be 
varied with the aid of the potentiometer from 1 mV 
to 10 mV input voltage. 


4.2.6. 
AF-Amplifier 


¢ } 
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No PC-board is offered for the AF-amplifier, as 
shown in Figure 35. The author constructed the 
AF-amplifier together with the voltage stabilizer 
on a Vero board. It is not necessary to screen this 
circuit 


The supply voltage of the AF-amplifier is not sta- 
bilized. It is taken from an electrolytic previous to 
the voltage stabilizer for the 5 V supply. At this 
point, it amounts to approximately 14 V with a re- 
sidual hum of approx. 0.5 V, which does not have 
any adverse effect 


4.2.7. 
Interconnection of the IF-Module 


The interconnection of the individual modules to 
form a complete IF-module is given in Figure 57. 
As can be seen in the circuit diagram, one vir- 
tually only requires the external controls to ope- 
rate the modules, and these are usually mounted 
on the front panel 


, 


a DJ 3RV 


Fig. 57: interconnection of the modules to form a complete IF-circuit 
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PC-Board Power Supply 
DJ3RV 001 +15V;120mA 
DJ3RV 002 +15V; 100 mA 
Notch +15V; 100 mA 
DJ3RV 003 +15V;110mA 
DJ3RV 004 +15V; 40mA 
Without sweeper 

AF-amplifier +15V; 80mA 
DJ7VY 002 +15V; 80mA 
DJ7VY 004 +15V; 80mA 
DK10F 044/45 + 5V;350mA 
4.3. 

Power Supply 


Itis possible to feed modules DJ3RV 001 to 004 
from acommon power supply. It is, of course, mo- 
re expensive to provide a separate voltage stabi- 
lizer for each module, however, the heat-sink pro- 
blems can be solved more easily in this manner. 


The design of the power supply is based on the 
current or power requirements of the individual 
modules as are given in Table 5. The IF-module 
has a mean power consumption of 7.5 W. In con- 
junction with an input circuit as described in 
Figure 1 (comprising DJ7 VY and DK 10F modu- 
les) the mean power consumption will amount to 
more than 12 W without noise blanker. 


If one assumes a dissipation power in the same 
order for the stabilization, it will be seen that the 
cooling problems can only be solved when using 
a favorable construction. One should not forget 
that even the best oscillator will not be stable 
when it is really “baked”. The amount of heat that 
can be produced by 25 W, can be seen easily in 
the case of a soldering iron! 


The power supply circuitry used by the author in 
a VHF-receiver is given in Figure 58. The indivi- 
dual modules are connected to different voltage 
stabilizers so that the given dissipation powers 
result. The heat sinks should be designed accor- 
dingly. On switching on, it is advisable to check 


Power 


1,.8W 


1.5W 
1.5W 


1.65W 
06W 


1.2W 
1.2W 
1.2W 
1.75W 


Table 5: 
Power requirements 


each individual voltage stabilizer using an oscil- 
loscope to ensure that no oscillation or noise 
generation is being made. If necessary, it can be 
neutralized using suitable bypass Capacitors. 


A50 VA toroid-core transformer using two series- 
connected windings is used (RK 509). A transfor- 
mer of this category is required since the large 
peak currents flowing due to the operational rec- 
tifier will magnetize the core material to 
saturation. 


&. 
MODIFICATIONS TO THE CIRCUITS 


The following section is to indicate a number of 
possible modifications to the circuit. These com- 
prise the reduction of the IF-bandwidth previous 
to the demodulators, the circuits having a lower 
hump spacing in the FM-discriminator, as well as 
the modification of the control time constant in 
the IF-amplifier. Holes and connector lanes are 
already provided on the PC-boards for these 
modifications. 


The possibility of reducing the noise bandwidth 
by using narrower -band filters previous to the 
demodulators was mentioned in the circuit des- 
criptions. A filter XF-914 or XF-915 could be used 
instead of the filter XF-910 (see Table 6). 
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Type Application Hump spacing/ Impedance 

band width 
XF-909 | Discriminator + 14kHz 6.8 kQ 
XF-910 Two-pole filter + 7.5kHz 6 kQ//0 pF 
XF-914 Two-pole filter + 1.75 kHz 1.8 kQ//10 pF 
XF-915 Two-pole filter + 3,75 kHz 5.7 kQ//2 pF Table 6: 

Suitable two-pole 

XF-919 Discriminator | + 1.2kHz 4702 crystal filters 


When using a crystal filter XF-915, no modifica- 
tions need to be made to the components, nor- 
mally used together with filter XF-910. An align- 
ment is possible using the values given in the cir- 
cuit diagram. 


In the case of crystal filter XF-914, the inpedance 
values have been changed from the values origi- 
nally given by the manufacturer. The new impe- 
dance of 1.8 kQ/10 pF requires changes of the 
component values. Since the filter can be used 


220V / 9V+9V (2.8 A) 


0.3A B40 C 2200 
o—! 
DJ 3RV 


on PC-boards DJ 3 RV 001, 002, and 003, the data 
is given for all boards, and not only for the demo- 
dulator. 


Module DJ3 RV 001: 

L5: 7 wH, 25 turns of approx. 0.2 mm dia. 
enamelled copper wire. The capacitor parallel to 
L6 is to be increased to 22 pF, and the two base- 
voltage divider resistors at T 2 should be reduced 
to 3.9 kQ, each. 


P=25W 


+15V/200mA 
DJ3RV 002 


+15V/ 270mA 
DJ 3RV 001,003,004 


+15V/ 160 mA 
DJ7VY 002,004 


OV 


+5V / 350mA 
DK 1 OF, DJ7VY 004 


+ 14V 


Fig. 58: Power supply with voltage stabilizers for feeding a complete 2 m receiver 
110 


VHF COMMUNICATIONS 2/83 __ 


Module DJ 3 RV 002: 

The resistor between the collector of T9 and the 
filter should be reduced to 820 2. Solder a 
capacitor of 8.2 pF in parallel to the input of the 
filter. No holes are provided on the PC-board for 
this capacitor. It should be soldered on the con- 
ductor side of the board. At the output of the filter, 
a resistor of 2.2 kQ should be connected in 
parallel to L 7. This resistor is mounted in a space 
between L7 and T 12 


Module DJ 3RV 003: 

L1: 14 WH, 35 turns of approx, 0.2 mm dia. ena- 
melled copper wire 

C1: 40 pF plastic foil trimmer 

L2: 14wuH, otherwise as L1 

R2: 68kQ 

R3: 2.7kQ 

The gain of the selective buffer amplifier is thus 

reduced by approximately 3 dB. 


The FM-demodulator operates as a phase shifter 
using a crystal filter; types XF-909 and XF-919 are 
Suitable 


The circuit diagram given in Figure 54 shows the 
circuit recommended by the manufacturer for the 
Dual XF-909. In the case of filter XF-919, the value 
of the resistor between L5 and C2 should be 
changed from 6.8 kQ to 470 Q. In this case, the 
discriminator has a hump spacing of 2 kHz. 


In the circuit given in Figure 26 (VHF COMMUNI- 
CATIONS 14, Ed. 3/1982), the filter is driven at 
high impedance via an LC-link from the 22 wH- 
inductance and 40 pF plastic foil trimmer. This 
allows even lower hump spacings to be obtained, 
as can be seen in Figures 27 to 29. This circuit 
can be built up on the PC-board by shifting the 
22 uH inductance by one hole spacing. The 
68 kQ resistor is then deleted. 


The control time constant is determined by Cr 
and Ry and the control-up behaviour is very non- 
linear, operating according to an expotential 
function. A linear behaviour is shown by the cir- 
Cuit given in Figure 59. A charge resistor Ry1 is 
connected to +15 V, and the limiting of the 
maximum control voltage is provided by the 
Schottky diode. Before commencing operation, 
(see Section 4.2.2.) (VHF COMMUNICATIONS 


Fig. 59: 
Modified control time constants (DJ 3 RV 002) 


1/83), the wiper of P3 should be fed to a voltage of 
+5.2 V. A further version of the control behaviour 
is given by switching Cy to C71 and Cy2. The 
control-up is made rapidly after short signals, 
e.g. interference signals, according to time con- 
stant t = Cy1 x Rr2, since only Cy1 will be 
discharged in the case of short signals. In the 
case of signals having a longer duration, Cy2 will 
also be discharged with the time constant Cy2 x 
Rr2. The control-up is then made slowly with the 
time constant (C71 + C72) x Ry. 


The time constants can also be varied by swit- 
ching the capacitors, for example, as shown with 
Cy3. 


Modifications on the board are that the Schottky 
diode and Rr1 are mounted between T 14 and 
T 12 instead of Rr. 


In order to obtain a less linear behaviour, Rr1 can 
also be connected to +68 V instead of +15 V. 
These possibilities allow the adjustment of any 
individually required control behaviour. 


The 80 MHz circuit mentioned in Part 1 of this 
series of articles is still under development. 
This will allow the construction of a receiver 
for the frequency range of 100 kHz to at least 
30 MHz having characteristics similar to those 
of measuring equipment. 
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Erwin Schaefer, DL 3 ER 


A Stripline GaAs-FET Preamplifier 

and Mixer for the 10 GHz Band complete 
with IF-Preamplifier, Image Frequency 
Filter, and Power Supply. 


Part 2 


4. 
10 GHz PREAMPLIFIER 
IN STRIPLINE TECHNOLOGY 


The following is to report on experiments with the 
new Siemens GaAs-FET type CFY 11, whose 
noise figure amounts to approximately 3 dB in 
the 10 GHz band, together with gain values in the 
order of approximately 5 to 6 dB. Some assis- 
tance was taken from (1). The construction is 
made using low-loss, double-coated PTFE PC- 
board material RT/duroid 5870. The dimensions 
are selected so that a simple construction can be 
made using the common waveguide WR 90 
(R 100). The design allows also the use of 50 2 
lines such as RG 141 semi-rigid cable. 


Two different constructions are to be realized and 
examined with the measuring equipment avai- 
lable 


a) Anamplifier with integrated hybrid mixer and 
iF-amplifier, 


b) Amplifier with subsequent image frequency 
filter, mixer, and IF-preamplifier. 


4.1. 
Circuit Diagram and Layout 


The circuit diagram is given in Figure 14. The fol- 
lowing components were used 


3} CFY 11 (Siemens) 

D1,D2: BAT 14-074, or -084, or -094 (Siemens) 

u1 Printed 2/4-transformation link, 
Z=610 

L2 Printed 5 //8-line,Z = 70Q 

RFC1 Printed 4/4-choke, Z = 120 


All non-designated lines have Z = 502 


C1,C2: Isolating capacitors made from cello- 


tape and copper foil (see text) 


C3 680 pF — 1 nF ceramic disk capacitor 
(uncritical) 
C4,C4': 4/8-line capacitance, Z = 862 


C5- C9: Printed bypass capacitors 
C10,C 11: Approx. 150 pF chip capacitors 


The amplifier is integrated with the mixer as des- 
cribed in Section 1. R2 is designed to leak static 
charges to ground when no power supply is con- 
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t LO -input 
~3mw 
Zin =500 


nected. C10 and C11 are chip capacitors, and 
are designed to suppress RF-interference (HF, 
VHF, UHF). 


The RT/duroid PC-board shown in Figure 15 is 
55 mm x 25 mm. If the amplifier is to be used on 
its own, it is possible for the mixer to be deleted 
after the dashed line, so that the amplifier is then 
only 30 mm long. 


4.2. 
Construction Details for the 
Amplifier Board 


The GaAs-FET used does not have any protec- 
tion diodes, which is usual for active components 


Fig. 14: 
10 GHz amplifier equipped 
with GaAs-FET CFY 11 


for the highest frequency range. For this reason, 
extreme care should be taken when working with 
such components. The highest risk is present 
during unpacking the transistor and soldering it 
into place. 


It is very advisable to prepare a grounded work 
surface. It is usually sufficient to use a copper- 
coated board, which is grounded, and connected 
to the ground of the soldering iron. The transistor 
should be only held with the tweezers at the 
source connection. In order to avoid electrostatic 
charge, it is advisable to ground oneself to the 
board before touching the transistor. The rest of 
the board should already be completed so that 
the soldering-in of the transistor is the last opera- 
tion. One should ensure that the protective 
resistor R2, and P 1 are already connected, and 
are making good contact. 


Fig. 15: 
RT/duroid board for the 
10 GHz amplifier/mixer 
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The safest way is to solder the transistor into 
place with the soldering iron just switched off. 
The author uses a ‘‘Weller Magnastat” soldering 
iron and has not had any difficulties uptil now; 
however, this was not the case when using solde- 
ring irons, which are directly operated from the 
power line. 


The conductor lanes should be tinned slightly 
beforehand, and during the soldering process 
one should allow the solder to flow up to the 
ceramic case. Colophonium that has been dis- 
solved in spirit should be used as flux. After car- 
rying out the soldering process, remove the resi- 
dual flux with the aid of spirit. Of course, the PC- 
board should be through-contacted with the aid 
of thin foil at the positions marked ‘‘X’’, or con- 
tacted around the edge of the board. Special 
attention must be paid to the through-contacting 
of the source. 


The following should be noted regarding con- 
struction of the mixer: The mixer diodes should 
be soldered into place in a plate or cardboard 
box, since they are so small that it is virtually im- 
possible to find them if they should drop onto the 
floor! This cautionary measure saved a lot of the 
author's diodes! 


4.3. 
Determining the Constructional Values 


Base material: RT/duroid 5870 
E, = 235 


d = 0.79mm 


Transistor: CFY 11 (Siemens) 


Selected operating point: Ips = 10 mA 
Vos = 3V 


The associated S-parameters for 10 GHz are: 
Si = 06 + 110° 
Soo = 036 -102° 


The consideration of S;2 and S2; would lead to 
too complicated calculations and would also pre- 
require that the board was realized with very high 
accuracy according to the calculated values. The 
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prototype drawings of the author were prepared 
in ascale of 1:1 on transparent foil, which means 
that the best accuracy is in the order of +0.2 mm. 


The series impedances are now determined ac- 
cording to (6): 

Zes = 18.7 + j 32.22 

Zas = 34 - j 2752 

We refer to the parallel impedances when con- 
sidering the matching circuits. These are as fol- 
lows according to (6): 


Zep = T4QNj 432 
Zap = S6QN - 56952 


4.3.1. 
Matching the Amplifier Input 
to Zin = 50 Q 


The real component is matched with the aid of a 
series 4/4-line whose impedance is: 


Zo = \ ZexZep = (502x742 = 612 


This line is designated as L1 in the circuit dia- 
gram. 


The dimensions of L1 are: 


Conductor lane length: = Ao/4 x Vp 
= 51mm 
with: Ap = 291mm 
Vp = 0.7 


where Vp, = 1/) Eoy and Eoy can be calculated as 
follows according to an equation given in (7): 
with: w = conductor lane width 

h = thickness of dielectric 


According to the line equations (5), the amount of 
the input impedance X corresponds to the impe- 
dance Z of the line for a line length of 4/8. 


It is thus IXI = Z, and is, of course, valid also for 


IXl = 2/8 + nx Al2 
with: n = 0,1,2,... 


An open //8-line will have a capacitive reactive 
input impedance; a short-circuited line, on the 
other hand, will possess an inductive one. The 
amount corresponds to the impedance Z of the 
line. Itis thus — within the range of possible con- 
ductor lane widths —- feasible to use other 
PC-board material such as epoxy-glass fiber or 
PTFE, and to form inductances and capacitan- 
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ces with them. On the other hand, the use of con- 
centrated components is no longer possible due 
to the wave propagation since their dimensions 
cannot be neglected with respect to wavelength. 
(Nearly all capacitors do not represent capaci- 
tances at frequencies in excess of 2 to 3 GHz, 
due to their high inductivity!) 


The inductive reactive component at the input of 
the transistor of 43 © can be compensated for 
with an open line of 4/8, having an impedance of 
Z = 43Q. 


For reasons of balance, the line of Z = 43 Qis 
formed by two parallel-connected lines of twice 
the impedance: 


2x2, = 862 


The conductor lane width is 0.85 mm, and the 
length is | = 2.6 mm after taking the velocity fac- 
tor into consideration. These conductor lanes are 
designated C4 and C4’ in the circuit diagram. 


4.3.2. 
Output Matching 


It is assumed that a load of 50 Q is present at the 
output. 


The real component of the transistor output 
impedance is 56 Q, and therefore virtually 
corresponds to the load impedance. The low mis- 
match is acceptable, and no matching circuit is 
used. 


It is only necessary to compensate for the capa- 
citive component of the output impedance. A 
short-circuited 4/8-line is suitable for this. As has 
been seen, the A/8-line is very short, which 
makes it extremely difficult to make defined 
short-circuits. Furthermore, one requires align- 
ment possibilities, and Vps should be fed in 
without additional components, All these de- 
mands must be taken into consideration during 
construction, 


As previously mentioned, the impedance rela- 
tionships are not changed if the line length is in- 
creased by a multiple of 4/2. It is therefore possi- 
ble for the line to be 5/8 J long and the short- 
circuit to be made at the end of aline using a low- 
impedance //4-choke having a low-impedance Z 


x 


(5 to 10 Q). Due to its surface area, it is also effec- 
tive as a capacitance (C 7 in the circuit diagram). 
For this reason, the following is valid: 


Line length! = 2.6 x 5(5/8 4!) = 13mm, whichis 
designated L 2 in the circuit diagram. 


The conductor lane width is 1 mm for the requir- 
ed impedance of Z, = 70Q. 


4.3.3. 
Blocking Capacitors C1 and C2 


These capacitors are necessary to ensure that 
the operating voltages of the transistor are not 
short-circuited by the external connections, but 
should not block the operating frequency. Disk 
Capacitors or chip capacitors of conventional 
construction are not suitable. Special capacitors 
have been available for some time now, but they 
are very expensive at low quantities. For this rea- 
son, blocking capacitors are to be home-made 
types: 

The conductor lane is disconnected at input and 
Output and the cut width should amount to 
approx. 0.2 to 0.5 mm. A piece of metal foil corre- 
sponding to the width of the conductor lane is 
now soldered to one side of the cut conductor 
lane, and spaced approximately 3 mm over the 
other side. A piece of cellotape (E, ~ 10,d = 
0.1 mm) is used as dielectric (or similar insulating 
foil), and the configuration is fixed with nail var- 
nish. The author has also used nail varnish with 
success as dielectric for such capacitances. 
Allow enough time to dry, and then check for any 
shortcircuit. 


The following is valid for the capacitance: 


—_ 0.086 x E, x Ficm2 
pF = dicm 

this resultsin E, = 10. d= 001mm 

F = 0.06 cm2(2x 3mm) 

C = 5pF = 3Q/N0GHz 


This value is completely sufficient for coupling. 


If a probe is used at the input and output, a 
blocking capacitor will, of course, not be 
required. 
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Fig. 16: Component locations on board DL3ER 003 


4.3.4. 
RFC 1 and 50 © Lines 


RFC 1 is a 4/4 choke with an impedance Z, = 
120Q, 

Line length: | = 5.2mm 

Line width: w =03mm 


Amplifier input and output, as well as mixer and 
oscillator input are designed for a real impe- 
dance of Z = 50 ©. Conductor lane width w = 
2.3mm. 


Figure 16 shows a drawing in a scale of 2:1 with 
the calculated conductor lane dimensions. 


4.4. 
Connecting the Amplifier 


A voltage of Ups = + 3 Vis set for the operating 
voltage. The voltage inverter will then provide 
approximately —2.8 V. Firstly check, whether the 
required currents can be supplied. One must 
take into consideration that the inverter must 
firstly run up, which means that the transistor is 


2s 


Fig. 17: 
Alignment aids 
on the 10 GHz amplifier 
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switched on via Ipss (Ugs = 0). The current Ipss 
amounts to approximately 50 mA and will not 
damage the transistor. After running up, the vol- 
tages should amount to Ups = 3 V and Ugs = 
~2.8 V under load and should not change after 
being loaded by max. 30 mA or approx. 10 mA. 


The amplifier remains disconnected during 
these preliminary checks. After connecting 
together, P 1 is now aligned so that the maximum 
gate bias voltage of approximately —2.8 V is con- 
nected to the gate. After switching on, the voltage 
drop across R11 is measured at high impedance 
and the current lps ~ 10 mA is selected. A varia- 
tion of the current will show that the amplifier is 
oscillating, e.g. when the circuit is touched. How- 
ever, no tendency to oscillation has been noticed 
with any prototypes manufactured by the author, 
when constructed carefully. 


Note: 

Gate bias voltages in excess of —5 V or over 
+0.5 V should be avoided. The gate-source path 
will be destroyed at voltages in excess of +0.7 V. 
In order to avoid the effects of electrostatic 
charge, it is important that P1 is kept as low- 
impedance as possible. 


4.4.1. 
Alignment Possibilities 


In order to avoid too wide a bandwidth, alignment 
possibilities have been created to limit the band- 
width to that required for amateur applications. 
These are given in Figure 17. This is achieved by 
placing small metal plates of approximately 1.5 x 
3 mm of thin metal foil onto the conductor lanes 
and shifting these in both axial directions to 
obtain the lowest noise figure, or highest gain 
(virtually identical). These possibilities are 
shown in Figure 17. Not all of this will be 
required. 


It is advisable to stick the small metal plates to a 
thin insulating pin and then find the best adjust- 
ment. After this, the metal plate is soldered to the 
determined position. Of course, it is very impor- 
tant to avoid any shortcircuits between conductor 
lanes and ground. 


The adjustment of the small metal plates is vir- 
tually independent of the adjustments on the 
alignment screws in the waveguide when a 
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probe-coupling is used. On the other hand, 
further experiments can bring some improve- 
ments when carrying out changes on the wave- 
guide side. 


Of course, one can solve matching problems 
very easily with the aid of a network analyzer. 
However, there is no use giving such measuring 
methods when only a_ few (professional) 
amateurs have such equipment available to 
them. As can be seen in the measuring results, 
very usable results can be obtained even with 
simple means. 


Results: 
Noise figure NFpss > 3dB 
Local oscillator suppression ~ 30 dB 
with: IF = 144MHz 
NFig = 15 dB 
Pose = 3mW at 10.368 GHz 
fin = 10.224 GHz 


It was not possible for the author to carry out the 
gain measurement. However, it can be assumed 
to be in the order of 5 to 6 dB according to the 
specifications of the transistors and the results of 
the experiments. 


4.5. 
Measuring Results of the Integrated 
Amplifier/Mixer 


The integrated amplifier/mixer only improves the 
noise figure slightly over the already good mixer 
characteristics. An improvement is only possible 
by adding an image-frequency filter between 
amplifier and mixer (2). The advantages are, 
however, in the suppression of the oscillator fre- 
quency and in the reduction of the effect of sensi- 
tivity fluctuations of the mixer, e.g. due to too low 
an oscillator power. 


PTFE-cisk 
2 thick, 3 dia 


4.6. 

Measuring Results of the Amplifier with 
Image-Frequency Filter in front 

of the Mixer 


The amplifier was built up according to the con- 
struction details given in Figure 14 and 15 and 
was combined with a waveguide filter as describ- 
ed in Section 3, Figure 11, as well as a mixer pro- 
vided with a probe-coupling in the waveguide, as 
shown in Section 1, Figure 6. The measuring 
system remained unchanged. The noise figure 
improved, as was to be expected: 


NFgssp =~ 35dB 


Amplifier board DL3ER 003 


Mounting plate 


IF preamplitier 


Voltage supply 


Fig. 18: 
The amplifier and power supply boards 
can be mounted onto the waveguide 
in this manner, which also solves 
the probe coupling 
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The suppression of the local oscillator frequency 
remained unchanged 


The gain of the amplifier on its own was measur- 
ed to be approximately 5 to 6 dB as previously 
estimated 


4.6.1. 
Constructional Notes 


The board shown in Figure 15 has now been 
shortened to 38 mm. The rest of the hybrid mixer, 
but not the printed capacitances, are removed up 
to the bend in the line, approximately 5 mm 
behind the blocking capacitor cut. Of course, 
one can remove the non-required conductor 
lanes before etching, using a cleaning fluid; or 
one can etch it twice after covering the upper and 
lower side correspondingly. 


4.7. 
Instructions for Mounting 
onto the Waveguide 


4.71. 
Integrated Amplifier/Mixer 


The installation is made similar to Figure 6, and is 
shown in Figures 18 and 19. 


The amplifier is mounted onto the waveguide 
with the aid of a 0.8 mm thick brass mounting 
plate. The threading for the mounting (M 1.4) is 
cut into the waveguide. Attention should only be 
paid that the screws do not protrude into the cen- 
ter of the waveguide; their protruding into the 
edge of the waveguide does not cause too much 
interference if it is only by 1 or 2mm. The IF-pre- 
amplifier is mounted below the mounting plate, 
and is connected directly to the mixer lowpass fil- 
ter via an approximately 680 pF capacitor. The 
voltage supply is mounted on the narrow side of 
the waveguide. The oscillator injection is made 
via a coaxial cable using a 50 Q line as shown in 
Figure 5. 


4.7.2. 
The Amplifier on its own 


In order to construct an individual amplifier for 
experiments in receive and transmit applica- 
tions, a board DL3ER 003 was constructed 
without mixer. It is screwed onto a piece of wave- 


Fig. 19: Photograph of the author's prototype of the system shown in Figure 18 
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guide using a mounting plate of 0.8 mm brass 
plate (Figure 20). This waveguide possesses two 
panels to ensure that the probe pins for input and 
Output of the amplifier are sufficiently 
decoupled. The waveguide is long enough to 
allow three matching screws, each, at the input 
and output of the amplifier, as well as flanges at 
each end (Figure 21). The voltage supply is to be 
found on the opposite side of the waveguide to 
the amplifier. Connection and alignment have 
already been described 


5. 
VOLTAGE SUPPLY 


The GaAs-FET amplifier equipped with a CFY 11 
requires a voltage Ups = +3 V as wellas a varia 
ble negative gate bias voltage of between 0 and 
~2V for setting the drain current between 10 and 
15 mA. In order to avoid any electrostatic charge 
at the gate, which could destroy the GaAs-FET, it 
is important that the gate-source path is at low- 
impedance with respect to DC-current. The 


PC-board 


Eom Mounting plate 


Fig. 20: Mounting the amplifier with its voltage 
supply onto the waveguide 


trimmer potentiometer for adjustment should 
therefore not be greater than 2.5 kQ 


Fundamentally speaking, both voltages could be 
provided from batteries whose charge condition 
must then be monitored continuously, It is better 


Fig. 21: Photograph of the author's prototype of a 10 GHz amplifier with waveguide input and output coupling, 


as well as positive and negative voltage supply 


ET ee i ee ee 


119 


VHF COMMUNICATIONS _ 2/83 


Fig. 22: 


PIN DIP 


TOP VIEW 


for the operating voltages, however, to be 
obtained from the normal 12 V supply. 


Negative voltages — even at low-power levels as 
required for bias voltages - could only be 
obtained so far from a positive supply voltage 
with some extent of components and room. This 
problem can now be solved easily using a mono- 
lythic C-MOS voltage converter such as the 
ICL 7660, manufactured by INTERSIL. This cir- 
cuit can be used to drive the low-impedance 
voltage divider to obtain the required gate 
voltage (8). Figure 22 shows the simple applica- 
tion circuit diagram and Figure 23 shows a board 
for our application. The one-off price of approxi- 
mately DM 10.— for the IC 7660 is well worthwile. 
In order to universally use the inverter, it was built 
up as a separate module on a 25 mm x 25 mm 
large epoxy board. This is later soldered onto the 
3 V voltage supply board using four solder pins 
having a spacing of approximately 5 mm (Figure 
24). 


in OLIER occ 


§ 


Fig. 23: The DIP line version of the ICL 7660 
was used for bias voltage generation for the 
10 GHz amplifier. These are accommodated 
on PC-board DL3ER 004 
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Circuit of the ICL 7660 CPA 

for generating a negative voltage 
from a positive input voltage 
between 1.5 and 10 V 


The following must be noted: 

At input voltages lower than 3.5 V, connection LV 
(pin 6) of the ICL 7660 should be connected to 
ground; in the case of higher voltages, it remains 
disconnected. 


Diode D, is only required at input voltages in ex- 
cess of 6.5 V. At lower input voltages, it will not be 
required or it can be short-circuited. The integrat- 
ed board allows a compact construction with the 
CFY 11 amplifier directly connected to the wave- 
guide (Figure 25). The width of the board there- 
fore amounts to 25 mm as for all modules. 
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Fig. 25: Voltage supply as mounted onto the waveguide 
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Editors 


Designation of the Microwave Bands and 
Waveguide Specifications 


Hewlett Packard has given us their kind permis- 
sion to reprint an illustration and a table, which 
will interest all microwave enthusiasts. The first 
illustration shows the limits and designations of 
the various microwave bands, and the large table 
gives the standard specifications of the rectan- 
gular waveguides. In addition to giving the four 
most common designations (IEC in Europe) one 
will also find the JAN-designations of chokes and 


dimensions of the waveguides, their cutoff fre- 
quencies, and their theoretical loss values at the 
upper and lower cutoff frequencies for the TE, 
mode in dB/100 ft for brass/aluminium (upper 
row) and silver (lower row), as well as finally the 
maximum continuous power level at the two 
cutoff frequencies. Since these levels are very 
high — for instance 250 kW at 10 GHz - they 
should not worry us very much. 
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BRIEFLY 
SPEAKING... 


New Transistors for UHF- 
Transmitters 


Motorola now offers a new 
range of transistors for trans- 
mit applications in the UHF- 
range. They are very intere- 
sting due to their low noise, 
high-linearity, and high gain 
characteristics. The following 
preliminary specifications are 
given in the data sheets: 


MRF 571: 

Ucto = 10 V, lomax. = 70 mA 
ft = 7 GHz at 25 mA, 

NF = 12 dB 

(at 10 mA and 500 MHz). 
S-parameter from 0.2 to 2 GHz. 
Case: 4 connection plastic case. 


MPF 587: 

Uceo = 20 V, Io max. = 200 MA 
fr = 6 GHz at 90 mA, 

NF = 2.7dB 

(at 60 mA and 500 MHz). 
S-parameter between 0.1 and 

1 GHz. 

Case: Ceramic case with screw 
mount (stud). 


MRF 597: 

Uceto = 20 V, Ic max. = 250 mA, 
fy = 6 GHz at 150 mA, 

NF = 28dB 

at 100 mA and 500 MHz, 
S-parameter from 0.1 to 1 GHz, 
Case: ceramic case with screw 
mount (stud). 


No special amateur applications 
have been worked out for these 
transistors yet, however, the 
impedances indicate that types 
MRF 587 and MRF 597 could be 
suitable for use in the 1296 MHz 
linear amplifier described by 
DC®@DA in VHF COMMUNICA- 
TIONS, edition 1/1979. 


Motorola/DB3 TB 


Circuit Tip 
Using chokes in UHF-stages 


Since the gain of Microwave tran- 
sistors increases by approxima- 
tely 6 dB/octave on decreasing 
frequency, it is advisable to pro- 
vide a low-impedance load in the 
voltage lines for lower frequen- 
cies. As can be seen in the circuit 
diagram, a real-resistor is used in 
conjunction with a bypass capa- 
citor for lower frequencies subse- 
quent to the UHF-choke. These 
measures can also be carried 
out for the base supply. 


DJ 1 EE 


GaAs-FETs 


We have heard from Texas Instru- 
ments that the low-noise GaAs 
dual-gate MESFET $3030 men- 
tioned several times in VHF 
COMMUNICATIONS was only 
manufactured at laboratory level. 
Due to technical problems it was 
necessary for them to increase 
the price at the end of 1982. The 
publishers still have a small stock 
of these components which are 
getting more and more difficult to 
obtain. The actual price is 
DM 35.00. 


The same is valid for the power 
FETs P8002, which are available 
for DM 9.80, each, for quantities 
of 1-9. 


Line-of-Sight Communications 
VHF COMMUNICATIONS 4/81, 
page 239 

A printing error in this article from 
OE3HSC led to a completely in- 
correct result. The equation at 
the end of the first column should 
have a square-root symbol: 


Q 
cos“ = 4/ sis - (r+ hy) 
Ax(r + ho) 
Also, in the second column, line 


4, it should read b’ (and not b) 


Furthermore, another square- 
root symbol was missing in the 
equation on page 241, second 
column: 


a ~ 548 x b’ (b - b) 
[b’ + (b - b)] xf 


HB 9 MMM 


VHF COMMUNICATIONS 2/83 


x 


A minimum of 700 mW at 
11 GHz... 


The Impatt-diode type ND8011- 
5G generates a minimum of 
700 mW at 11 GHz. This diode 
operates at a voltage of 85 V, 
where it draws approximately 
140 mA. The price is in the order 
of DM 150.00. 


Stepmotor for the DC 3 NT 
FAX-machine 


The fax-machine described by 
DC3NT in VHF COMMUNICA- 
TIONS, edition 1/81 can also be 
Operated using step motors. 
These are more powerful, and 
are more accurate than synchro- 
nous motors, since step motors 
make more steps, for instance, 
360 + 18 = 200 per revolution. 


The SANYO integrated circuit 
PMM 8713 can be used for dri- 
ving the step motor. They only 
cost approximately DM 30.00 at 
present. This IC is especially de- 
signed for driving the SANYO 
step motor 103-775-6, which has 
a step angle of 18° and whose 
four coils require 2.25 V at 15 A. 
However, step motors manufac- 
tured by Philips will also work in 
conjunction with the above IC. 


The circuit shown in the diagram 
is required twice so that one 
motor can be used for the drum 
rotation, and the other for the sty- 
lus deflection. This means that 
the reduction drive is no longer 
required. It is also possible to 
delete the FAX motor drivers 
(DC3NT 006). 


Direction 
H/L 


10k 


Components: 

T; NPN-Darlington _ transistors 
such as BD 433, BD 675 

D: 1N 4007 

R: With Ugo = 5 V: 100 2, 05W 
With Ugp = 15 V: 500 Q, 1 W 


The operating voltage of the 
intergrated circuit can be bet- 
ween 5 V and 15 V. The value of 
the resistor R should be selected 
according to the component 
table. 


Pin 3 is provided with the input 
signal: At least 3.5 V for 5 V ope- 
ration, or at least 11 V for 15 V 
operation. The operation of the 
circuit can be checked with the 
aid of an audio frequency gene- 
rator. 


Martin Mulder, PA @ 
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Motor windings 
1to4 


8 


( ) hr) | 
|PMM 8713 
UT Ter (sl (7 ts tr 
Cu Cy Ce U/D Ee En & Vis 


PIN NO. 
cu 
2Ch 
3 Ck 
4U/D 


SEA } 
6ER 
Toc 
8 Vss 
OR 
10 94 
11 93 
12 92 
1391 
14 Em 
isCo 
16V ob 


Input pulse, UP clock 

Input pulse, DOWN clock 

Input pulse, clock 

Change-over of rotation direction 
“o" DOWN, “Lt” UP 


Exitation-mode change over 


3,4 phase-change 

(GND) 

Reset 

Output } 

Output ) | 

Output ) 3 phase | 4 phase 
Output } 
Excitation monitor 

Input pulse monitor 

(+4 ~ +18V) 
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MATERIAL PRICE LIST OF EQUIPMENT 


described in Edition 2/83 of VHF COMMUNICATIONS 


Mini SSB-Transceiver for the 2 m band Art. No. Ed. 1+ 2/83 

PC-boards DC 6 HL 010 double-coated, with through contacts 6771 DM 49.00 
+DC 6HLO11 as above 6772 : 

Parts DC 6 HL 010 4 FETs, 2DG-MOS-FETs, 3 transistors, 6773 DM 462.00 


+DC 6HLO011 1 ring-mixer IE-500, 4 linear ICs, 1 C- 
MOS IC, 20 diodes, 1 SSB crystal-filter 
with side-band crystals, 8 coils ready 
wound, 3 mini chokes, 2 toroid cores, 
silvered and insulated wire, 2 spindel 
trimmers, 1 relay, 15 feed-through and 65 
ceram. disc. caps., 12 tantalum electro- 
lytics, 2 round trimmer potentiometers, 
78 resistors, 4 PTFE-feedthroughs, 

1 tinned-metal case 


Kit DC 6 HL 010 + 011, with above parts, complete 6774 DM 498.00 
DJ3 RV Versatile IF-Module Editions 4/81; 2/82; 3/82; 4/82; 1/83; 2/83 
PC-board DJ3RV001a_  double-coated, drilled 6729 DM 28.— 
PC-board DJ3RV001b  double-coated, drilled 6730 DM 28.— 
PC-board DJ 3 RV 002 double-coated, drilled 6749 DM 28.— 
PC-board DJ 3 RV 003 double-coated, drilled 6746 DM 28.— 
PC-board DJ 3 RV 004 double-coated, drilled 6748 DM 28.— 
PC-board DJ 3 RV 005 single-coated, drilled 6747 DM 18.— 
P 8002 Power-FETs packets of 10 9069 DM 89.— 
BFQ 69 UHF transistor 9577 DM __ 8.50 
Tinned-metal case 74 x 148 x 30 9501 DM _ 6.50 
Toroid core R6,3K1 9159 DM 2.00 
Coil set 041-2165 orange 9166 DM 2.50 
Monolithic Crystal Filters from KVG XFM-9B02 6809 DM 148.— 
for the DJSRV IF-Module (for instance) XFM-9S01 6810 DM 148.— 
XF-909 6800 DM 31.— XFM-9S02 6811 DM 148.— 
XF-910 6801 DM 38.— XFM-9S03 6812 DM 148.— 
XF-914 6802 DM 46.— XFM-9S04 6813 DM 148.— 
XFM-9A 6803 DM 118.— XFM-9S05 6814 DM 148.— 
XFM-9B 6804 DM 136.— XFM-9S06 6815 DM 148.— 
XFM-9C 6805 DM 121.— XFM-9S07 6816 DM 148.— 
XFM-9D 6806 DM 121.— XFM-9S08 6817 DM 212.— 
XFM-9E 6807 DM 121.— For Technical Data see rear cover page 
XFM-9B01 6808 DM 148.— of VHF COMMUNICATIONS 
VAI YY 
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A home-made automatic noise-figure measuring system 
1. Noise source Art. No Ed. 1+ 2/83 


Parts Noise source 1 metal case, 1 N connector, 1 BNC socket. 
2 transistors, 2 diodes, 1 chip capacitor, 1 disc 
cap., 2 carbon- and 4 metal film resistors, 


1 RF choke 6750 DM 35.00 
2. Receive converter 
PC-board DK10F 034 single coated, with printed component location 

plan 6442 DM 12.00 
Parts RMG E.K 3 transistors, 1 crystal filter 10.7/30, 3 coil formers 


with core, 1 Neosid coil, 2 RF chokes, 1 ferrite 
bead, 1 m each of 0.8 and 0.12 mm dia. as well as 
1 mm dia. silver plated wire, 2 foil trimmers, 

3 feed-through and 24 ceram. disc capacitors, 


. 23 resistors, 1 N connector, 1 metal case 6751 DM 105.00 
Kit Receive converter, complete with above parts 6752 DM 115.00 
3. Indication electronics/Reference voltage generator 
PC-board RMG 01 single coated, drilled, with component location 
plan 6753 DM 31.50 
Parts RMG 01 9 OpAmps, 1 temp. compensated Z-diode, 


12 switching diodes, 9 ceramic and 2 tantalum 
capacitors, 18 trimmer potentiometers, 44 carbon 


and 15 metal-film resistors 6754 DM 65.00 
Kit Indication electronics/Reference voltage generator, complete 6755 DM 95.00 
4. Control module 
PC-board RMG 02 Double coated with through-contacts 6756 DM 46.00 
Parts RMG 02 4 transistors, 19 switching and 2 Z-diodes, 6 FET- 
OpAmps, 2 OpAmps, 2 C-MOS ICs, 19 ceram 
disc. caps., 5 tantalum and 3 aluminium electro- 
lytic caps., 3 foil caps., 6 trimmer potentiometers, 
40 carbon resistors 6757 DM 120,00 
Kit Control module, complete with above parts 6758 DM 165.00 
5. Mixer and variable amplifier 
PC-board RMG 03 single coated, drilled, with component location 
plan 6759 DM 23.00 
Parts RMG 03 1 ring mixer, 8 transistors, 2 Z-diodes, 1 coil kit, 
1 m wire 0.3 mm diam. 3 RF chokes, 12 ceram. 
disc caps., 6 tantalum and 5 aluminium electrolytic 
caps., 4 feed-through caps., 1 trimmer potentio- 
meter, 19 resistors, 1 metal case 6760 DM 130.00 
Kit Mixer and variable amplifier, complete 6761 DM 150.00 
6. Dual crystal oscillator Art. No Ed. 1+ 2/83 
PC-board RMG 04 single coated, drilled, with component location 
plan 6762 DM 23.00 
Parts RMG 04 5 transistors, 3 Schottky-diodes, 1 precision 
voltage regulator, 3 coil kits, 1 coil former with 
core, 1 two-hole core, 1 m wire each: 0.12 mm 
dia., 0.3 mm dia., 0.8 mm dia. silver plated, 7 RF 
chokes, 2 foil trimmers, 22 ceramic disc caps, 
‘ 2 feed-through caps., 1 tantalum electrol. cap., 
13 resistors, 1 crystal each: 66.7 MHz and 
10.72 MHz, 1 metal case 6763 DM 206.00 
Kit Dual crystal oscillator, complete 6764 DM 225.00 
7, Remaining parts for the noise-measuring system 
Parts RMG E1 2 each: 31-pole connectors, male and female, 
1 potentiometer 5 k{2/10 turns, 2 switching- and 
2 LEDs (red), 1 toggle switch 6765 DM 75.00 
Parts RMG E2 1 mains transformer 220 V/2 x 15 V/2 A, 2 bridge 
rectifiers, 1 PC-board DK10F 028, 2 electrolytic 
caps. 1000 yF/40 V 6766 DM_ 67.00 
Kit Automatic Noise-figure measuring system, 
all parts from 1 to 7 6767 DM 899.00 
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WIRLIF a 
communications 


offers ... 


A System for Reception and Display of Weather-Satellite 
Images using a digital scan converter/storage module with 
256 lines, 256 pixels and 64 grey levels 


As amodern replacement for the DC3NT video processor, VHF COMMUNICATIONS 
is now able to offer a digital scan converter with the above mentioned features. The 
2400 Hz subcarrier is fed from the VHF receiver (DC3NT 003/004), processed and 
stored in the scan converter, and the CCIR video output can be displayed on any 
suitable monitor. The scan converter itself consists of two PC-board modules and will 
be published in editions 4/1982 and 1/1983. We can, however already offer these 
modules since they are available since February 1983. 

All these modules are available as kits, ready-to-operate aligned modules, or as com- 
plete equipment in cabinets. Details and prices see VHF COMMUNICATIONS 
1/1983, cover page 3. 
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Space and Astronomical Slides 


Informative and Impressive 


VHF COMMUNICATIONS now offers sets of phan- 
tastic slides made during the Gemini, Apolio,Mariner 
and Voyager missions, as well as slides from leading 
observatories. These are standard size 5cmx5cm 
slides which are framed and annotated 


Prices plus DM 3.00 for post and packing 


Sets of 5NASA-slides DM 8.50 per set 


Set8103 Apollo 11: Earth and Moon 
Set8104 Apollo 11: Manofthe Moon 

Set 8105 Apollo 9 and 10: Moon Rehearsal 
Set 8106 From California to Cap Canaveral 
Set 8107 Apollo 12: Moon Revisited 

Set 8108 Gemini Earth Views 

Set 8109 Apollo 15: Roving Hadley Rille 
Set 8110 Apollo 16: Into the Highlands 
Set8111 Apollo 17: Last voyage to the moon 
Set8112 Apollo 17: Last Moon Walks 

Set 8113 Mariner 10: Mercury and Venus 


Set 8147 »Jupiterencountered« 20 slides of VOYAGER 1 & 2 DM 35.00 


1. Jupiter and 3 satellites 2. The giant planet 3. Jupiter.loand Europa 4. The Redspot 5. The Red spotindetail 6. The 
swirling clouds 7. loandawhiteoval 8. The ourhood of the Redspot 9. Theringsof Jupiter 10. The Galilean satel 
tes 11. Amalthea 12. Callisto 13. Ir ct feature on Callisto 14. Eruption on lo 15. lo full disc 16. Europa close-up 
17. Europa distant view 18. Ganymede ciose-up 19. AdistantGanymede 20. The lovian system 


Set 8100 »Saturn encountered«, 20 VOYAGER-1 slides DM 35.00 


1. Saturn and6ofitsmoons 2.Saturntrom1timiomiles 3.SaturnfromBmiomiles 4.Saturnfromimiomiles 5. Saturnand 
rings from 900.000 miles 6. Saturn's Red spot 7. Cloud belts in detail 8. Dions against Saturn 9. Dione close-up 10 
Rhea 11. CratersofRhea 12. Titan 13. Titan's polarhood 14 HugecrateronMimas 15. Other sideofMimas 16. Ap 
proaching the rings 17.Underthe rings 18. Belowtherings 19. -Braided«Fring 20. lapetus 


Set8148 »VOYAGER 2 at Saturn«, 20 VOYAGER-2 slides DM 35.00 


1. VOYAGER 2 approaches 2. Clouds & rings 3. Storms & satellites 4. Cyclones, spots & jet streams 5. Convective 
regions 6. Atmospheric disturbance 7, Rings & shadows 8. The wCering 9. Ringdetails 10. The »Awring 11. Looking 
backon Saturn 12. Titan—nightside 13. Titan - atmosphericbands 14. The«Fe«ring 15.Hyperionclose-up 16. lapetus 
revealed 17. Enceladus explored 18. The Tethyscanyon 19 The»«F«ringstructure 20. Within the Enke division 


Set 8101 »From Here to the Galaxies«, 20 astronomical slides DM 35.00 


1. Moon — easterniimb 2.Moon—NElimb 3.CometIKEYASEKI 4.Trapezium 5. »Sunflower~ planetary nebula in Aqua 
nus 6.Nebulain Cassiopeia 7.NorthAmericanebula 8. Sagittariusstarcioud 9. Spiral galaxy in Triangulum 10. Sp. gal 
in Canes venatici 11, Sp.gal.inComaBerenices 12.Sp.gal.inLeo 13, Edge-onsp.gal.in Virgo 14. Sp. gal. in Canes Ve 
natici 15, Sp. gal. in Camelopardalis 16. Sp. gal. in Lynx 17, Sp. gal. in Pegasus 18. U.S. Naval Observatory Flagstaff 
Ar 19. 6-inch transit telescope 20. 61-inch reflector 


Set 8102 »The Solar System«, 20 NASA/JPL slides DM 35.00 

1. Solar System 2. Formation ofthe Planets 3. The Sun 4.Mercury 5.Crescent Venus 6. Cloudsof Venus 7. Earth 
8.Full Moon 9. Mars 10. Mars: Olympus Mons 11. Mars: Grand Canyon 12. Mars: Sinuous Channe! 13. Phobos 
14. Jupiter with Moons 15. JupiterRedSpot 16.Saturn 17.SaturnRings 18.UranusandNeptune 19. Pluto 20. Comet 
lkeya-Seki 


Set 8149 »The Sunin action«, 20 NASA/JPL slides DM 35.00 


1. SuninHe light 2. Total Solareclipse 3.Outercorona 4.Coronafrom SMM satellite 5. Coronaciose-up 6. Solar magne 
togram 7. Active regions in X-radiation yrona 9.Acoronalhole 10. Solarflare 11.ActiveSun 12. Eruptive pro 
minence 13. Gargantuan prominence 15. Huge Solar explosion 16. Prominence in action 4 
Sun inaction 18, Magnetic field loops 20. Chromospheric spray 


Set 8144 »Space shuttle«, 12 first-flight slides DM 24.00 


1. STS1 heads aloft 2. View from the tower 3, Towerciear 4. Launch profile 5. Payload bay open 6. STS control Hou 
ston 7. In orbit, earth seen through the windows 8. Bob Crippen in mid-deck 9 John Young 10. Approaching touchdown 
11, After 54.5 hours in space Columbia returns toEarth. 12. Astronauts Crippen and Young emerge after the successful mission 
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OUR GREATEST now with reduced dimensions ! 


DISCRETE MONOLITHIC EQUIVALENT 
CRYSTAL Appl with impedance transformation without impedance transformation 
cation “pet: 

FILTER Termination Termination 

XFM-9A XFM-9S02 

XFM-9B XFM-9S03 

XFM-SC XFM-9S04 

XFM-9D XFM-9S01 

XFM-9E XFM-9S05 

XFM-9B01 XFM-9S06 

XFM-9B02 XFM-9S07 

XFM-9S08 


* New: 10-Pole SSB-filter, shape factor 60 dB : 6 dB 1.5 


Dual (monolithic twopole) XF-910; Bandwidth 15 kHz, Ry = 6 kQ, Case 17 
Matched dual pair (four pole) XF-920; Bandwidth 15 kHz, Ry = 6 k22, Case 2 x 17 


DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/1979, page 45) 
for NBFM XF-909 Peak separation 28 kHz 
for FSK/RTTY XF-919 Peak separation 2 kHz 


CW-Filters — still in discrete technology: 


60dB:6dB4.4 | 5002 || 30 pF 
60dB:6dB2.2 | 50022) 30 pF 
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